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African tropical forest ecosystems remain largely unknown in a time when biodiversity is being 
threatened by human activities. Two major threats to tropical forests are habitat fragmentation and 
modification as they change, among other factors, the total area of habitat, microclimate, and tree 
composition. The consequences of habitat change can be long lasting but typically evaluations of 
such impacts have taken place relatively shortly after the initial disturbance. The main objective of 
this study was to find out how different factors influence species assemblage of lepidopteran larvae 
on a constant resource, Neoboutonia macrocalyx Pax. tree, and the consequent implications for 
conservation of Lepidoptera. The focus of this study was on disturbance, specifically habitat 
fragmentation and forest harvesting. In addition, the seasonality of lepidopteran larval community 
was examined to understand factors that influence the larval community. As herbivores depend on 
their host plants, flowering phenology of N. macrocalyx and possible factors behind it were 
investigated as were the effects of flowering on the lepidopteran larval community. Samples of 
larvae were collected from the leaves of N. macrocalyx between April 2006 and March 2008 in 
Kibale National Park and surrounding forest fragments in Western Uganda.  
Both habitat fragmentation and logging had negative influences on larval communities. This is 
likely to be due to differences in microclimate and tree community composition, which are both 
expected to change after a disturbance. As is common in the tropics, seasonal variation was found in 
larval abundance, species richness and diversity, and community composition. The variation in 
species richness and diversity was related to the flowering of N. macrocalyx and rainfall but factors 
regulating larval abundance remain unknown. Logging seems to have an effect on the synchrony of 
variation in larval abundance but not in species richness and community composition that varied 
synchronously across the study areas. Seasonality was also observed in the flowering of N. 
macrocalyx but this was not fixed as flowering N. macrocalyx trees were found during the majority 
of the study months. Flowering was positively linked to rainfall 5, 9, and 10 months prior and 
negatively to leaf herbivory two months prior. This study shows that human activity can have 
negative and long lasting impact on herbivorous insects and demonstrates that primary forest is an 
invaluable resource in biodiversity conservation. It underlines the importance of the timing of 
biodiversity assessments and demonstrates that the management decision to let Kibale Forest to 
regenerate naturally has not been a correct solution with regard to herbivorous insect fauna. 
 
Sini Savilaakso, Faculty of Biosciences, University of Joensuu, P.O. Box 111, FIN-80101 Joensuu, 
Finland. 
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1 Introduction 
1.1 Background 
 
Africa is somewhat forgotten continent in 
terms of tropical forest research. This is 
especially true in the case of insects, where 
most of the research has been concentrated on 
the neotropical region (Basset et al. 2003). 
This has two important consequences: African 
tropical forest ecosystems remain largely 
unknown in a time when biodiversity is being 
threatened by deforestation, and management 
decisions in protected areas are rarely based 
on data representative of that area (Molleman 
et al. 2006).  
Two major threats to the tropical forests 
are habitat fragmentation and habitat 
modification. Habitat fragmentation occurs 
when part of the forest land is converted to 
new land use purposes such as farmland, 
whereas habitat modification occurs due to 
activities such as forest harvesting, road 
building etc. It has been estimated that 
worldwide 6 million hectares of primary 
forest are lost or modified each year (FAO 
2005). Specifically for Africa, the annual rate 
of loss has been around 4 million hectares or 
0.62 % of the continent’s forest resources. In 
Uganda most of the remaining forest 
resources are classified under the FAO system 
as modified mature forest. Productive 
plantations cover 36 000 hectares (out of 
3 627 000 hectares) and primary forest does 
not exist at all. Forest loss has been greater in 
Uganda compared to the rest of Africa: 86 
000 hectares of forest every year, in other 
words 2.2 % of its forests.  
It has been well documented that human-
induced changes often lead to the 
deterioration of the ecosystems. This is not a 
surprise considering that factors affected by 
habitat fragmentation and change include total 
area of habitat, degree of isolation, 
microclimate, tree composition, rates of 
predation, pollination, seed dispersal, and 
parasitism (Newmark 2002). Usually the 
effects of logging have been evaluated 
relatively shortly after the disturbance (Dunn 
2004a). Although these evaluations do give 
insight to the severity needed to disturb a 
forest ecosystem, they provide no indication 
as to the long-term effects of disturbance. 
Some data does implicate that impacts can 
have long-lasting effects. Tree communities 
have been shown to differ more than a 
century after the logging occured (Brown & 
Gurevitch 2004), and herbivorous beetle 
communities have exhibited differences in 
logged and unlogged areas after 40 years 
(Floren & Linsenmair 2003). 
Disturbance can also influence trophic 
interactions but the effects are difficult to 
predict because the impact is dependent on 
which species are removed. The removal of 
highly connected species leads to more 
secondary extinctions compared to random 
removals but removal of species with few 
trophic links can in rare cases have significant 
and widespread consequences which 
highlights the unpredictability of trophic 
interactions (Dunne et al. 2002). Decreased 
abundance of herbivores following 
disturbance can cause consequent declines in 
predator populations and ultimately predators 
may be lost (Laurance et al. 2002, Valladares 
et al. 2006, Posa et al. 2007). Furthermore, 
decreased control of herbivores by predators 
can reduce seedling recruitment and lead to 
impoverished plant communities (Terborgh et 
al. 2001). Considering that the vast number of 
world’s species is associated directly or 
indirectly with tropical plants (Lewinsohn & 
Roslin 2008) the consequences for biodiversi-
ty conservation can be grave.   
Timing can play an important role when 
the impact of disturbance is analysed or 
biodiversity of an area assessed.  Seasonal 
variation is common among the Lepidoptera 
in the tropics (e.g. De Vries et al. 1997, 
Intachat et al. 2001, Hamer et al. 2005) even 
though climate is more or less aseasonal. In 
Kibale National Park, Uganda, large 
variations in monthly and annual rainfall have 
been noticed and this has been thought to 
prevent the development of strongly seasonal 
biological phenomena (Struhsaker 1998). Due 
to seasonality, the impact of logging may vary 
from season to season. For example, Hamer et 
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al. (2005) found that during the wet season 
butterfly assemblage in logged forest was 
more diverse than in primary forest but in the 
dry season the situation was reversed.  
When the impact of disturbance on 
herbivorous insects or their seasonality is 
detected, it is important to understand what 
factors influence the herbivorous community, 
pre-eminently to be able to mitigate the 
effects of disturbance. Important factors that 
influence insects are different abiotic, i.e. 
weather, factors as well as biotic factors such 
as host-plants (Didham & Springate 2003). 
These are discussed in more detail below. 
1.2 Aims of the study  
 
The main objective of this study was to find 
out how different factors influence species 
assemblage of lepidopteran larvae on a 
constant resource, Neoboutonia macrocalyx 
Pax. tree, in a tropical forest in Uganda, and 
to determine implications for the conservation 
of Lepidoptera. Articles I and III assessed the 
impact of anthropogenic disturbance on the 
larval community within Kibale National Park 
and in the surrounding forest fragments. 
Articles I, II, IV examined the seasonality of 
and the effects of different abiotic and biotic 
factors on the larval community. Further, the 
flowering of N. macrocalyx and factors 
influencing it were studied in the article IV. 
 
 
 
Figure 1. Flowering Neoboutonia  
macrocalyx tree. 
2 Seasonality in abundance and diversity 
of tropical herbivorous insects – a review 
2.1 Theoretical background 
 
A community is a sum of individuals of 
different species. Each population of any 
given species belonging to the community 
experiences absolute changes over time as 
well as changes in relation to others. Thus, I 
start this review by examining the theoretical 
foundation of population change, which 
provides the basis for the community change, 
before moving on to the factors behind 
seasonality in the herbivore community. 
Classically, change in continuously 
breeding populations has been described by 
exponential and logistic growth models (Price 
1997). Population grows exponentially when 
there are no limiting factors. However, in 
nature populations rarely increase 
exponentially due to limiting factors, and 
hence the logistic growth model (Pearl and 
Reed 1920, Verhulst 1838), where population 
growth follows a sigmoid curve, is more 
appropriate. Some species, such as insects in 
temperate zone and frequently also in the 
tropics, reproduce seasonally and usually only 
one cohort is present at any given time (Price 
1997).  
The models above simplify the situation 
that populations face in the nature, above all 
because in them the environment is in stable 
state over time. Instead, the environment 
changes constantly and there are many factors 
that influence populations through time 
causing fluctuations in population numbers. 
These can be endogenous factors or factors 
operating outside the population (exogenous 
factors) (Price 1997). Furthermore, the factors 
can be categorized as density-dependent 
(influenced by population size) or density-
independent (independent of population size). 
In general, endogenous factors are all density-
dependent whereas exogenous factors can be 
either density-dependent or independent 
(Price 1997). 
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2.2 Factors influencing insect abundance and 
diversity 
2.2.1 Density-dependent factors 
 
Density-dependent factors are common 
regulators of insect abundance as up to 80 % 
of the regulation can be density-dependent 
(Woiwod & Hanski 1992, Brook & Bradshaw 
2006). One of the most obvious factors 
influencing herbivore abundance is their food 
resources, i.e. leaves, flowers, and fruits. 
Thus, the phenology of host trees can drive 
changes in herbivore abundance, especially in 
the abundance of resource specialists (Basset 
1991a, 1991b, van Schaik et al. 1993, 
Novotny & Basset 1998). Herbivores prefer 
young leaves that have higher nitrogen 
content and weaker chemical defences than 
old leaves (Coley 1980, Mattson 1980, Basset 
1991b, Coley & Barone 1996). Therefore, 
herbivores are more abundant during the leaf 
flush than at other times (Basset 1991a, Aide 
1993). Similarly, a high production of flowers 
can increase abundance of herbivores with 
flower-feeding larvae (Intachat et al. 2001). 
The effects of host tree are more pronounced 
in seasonal tropical forests with a distinct dry 
season than in tropical forests where rainfall 
occurs throughout the year (Hopkins & 
Memmott 2003), although host trees can also 
influence insect abundance in the latter 
(Basset 1991b).  
Additional resources have also been 
associated with increased species diversity. 
High flowering in the previous month leads to 
an increase in the number of moth species 
caught during the following month (Intachat 
et al. 2001). Similarly, the quantity of young 
leaves correlated with the number of leaf-
chewing insect species (Basset 1996). This is 
due to two factors: First, increased amount of 
leaves means more resources in terms of food 
and oviposition sites. Second, palatable young 
leaves with high water content offer a high-
quality food source for both specialist and 
generalist species. 
Another density-dependent factor is 
predation. Ants have been identified as one of 
the key predators in tropical forests (Novotny 
et al. 1999, Floren et al. 2002, Loiselle & 
Farji-Brener 2002). Also other animals, e.g. 
birds, lizards and bats, exert predation 
pressure to herbivorous insects (Gradwohl & 
Greenberg 1982, Dial & Roughdarden 1995, 
Van Bael & Brawn 2005, Kalka et al. 2008). 
Further, insects are vulnerable to predation by 
parasitoids (Memmott et al. 1994, Walker et 
al. 2008). Predation is not uniform temporally 
or across habitats (Novotny et al. 1999, 
Loiselle & Farji-Brener 2002, Van Bael & 
Brawn 2005) and the importance of predation 
as a regulator of insect abundance in tropical 
forests varies from non-existent to significant 
(Hopkins & Memmott 2003, Richards & 
Coley 2007). A study by Van Bael & Brawn 
(2005) revealed that predation by birds 
decreased arthropod densities in the drier 
forest site but not in the wetter site with lower 
leaf production and less seasonality in insect 
abundance. Further, Richards and Coley 
(2007) showed significantly higher predation 
rates in gaps than in understorey that had 
lower food availability for herbivores. 
Predation pressure can also differ due to prey 
size. Dial and Roughgarden (1995) showed 
that lizard removal had positive effect on the 
abundance of arthropods > 2 mm but no effect 
on smaller (< 2 mm) arthropods.  
In any community competition can 
potentially affect insects. Competition can be 
either intraspecific or interspecific, but 
interspecific competition does not exist 
without intraspecific competition (Hanski et 
al. 1998). Furthermore, competition can be 
asymmetric influencing only one of the 
species that co-occur (Karban 1986). 
Although the importance of interspecific 
competition among herbivores has been 
questioned (Lawton & Hassell 1981, Lawton 
& Strong 1981), competition can also affect 
species indirectly through shared natural 
enemies and hence, cause seasonality in insect 
abundance (Morris et al. 2004). 
2.2.2 Density-independent factors  
 
Density-independent factors are usually 
weather factors of which temperature is one 
of the most important (Price 1997). Most 
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insects are poikilothermic and even small 
temperature changes can influence growth 
and reproductive activity of insects (Wolda 
1988). In the tropics, temperatures seldom 
drop below a developmental threshold level 
but changes in temperature can still cause 
seasonality (Denlinger 1986, Wolda 1988). 
Minimum air temperatures have been shown 
to influence seasonality in arthropod 
abundance (Basset 1991a) and increased daily 
minimum temperatures have been associated 
with increased moth abundance (Intachat et 
al. 2001). Temperature has also been 
associated with species diversity. Low 
minimum temperature in the previous month 
increased moth diversity in the following 
month (Intachat et al. 2001).    
Water (rainfall, humidity, moisture 
content) availability is another important 
regulatory factor in tropical forests (Didham 
& Springate 2003). Because of their small 
bodies and high metabolic rates, insects are 
very sensitive to desiccation (Wiggelsworth 
1972). Desiccation is especially a problem in 
the upper canopy where daily fluctuations in 
temperature and moisture deficit are the most 
extreme (Parker 1995). Rainfall has been 
linked to seasonality in insect abundance in 
many studies (e.g. Denlinger 1980, Tanaka & 
Tanaka 1982, Basset 1991a, Nummelin 1996, 
Intachat et al. 2001). Especially in areas with 
pronounced dry seasons the influence of 
rainfall can be extreme limiting species 
existence to the wet season (Janzen 1993).  
The effect of rainfall on seasonality of 
insect diversity is less studied. Low rainfall in 
a given month and high rainfall 2 months 
prior to this has been associated with high 
moth diversity (Intachat et al. 2001). 
Similarly, butterflies had higher species 
diversity in Bornean rain forest during dry 
season (Hamer et al. 2005). However, rainfall 
only influenced species diversity in primary 
forest and not in logged forest where it was 
found that species diversity did not 
experience seasonal variation.  
Rainfall can also have an indirect 
influence on herbivorous insects through their 
host plants. Herbivores are dependent on their 
host plants and thus, the phenology of their 
host plants has consequences for their 
reproduction (Van Asch & Visser 2007). In 
seasonal forests it is advantageous for 
herbivores to be in sync with host plant leaf 
production as young leaves are often more 
palatable than mature leaves for insect 
herbivores (Novotny et al. 2003). Increased 
food intake relates positively to the fitness of 
herbivores and can cause changes in 
population density (Van Asch & Visser 
2007). 
Some weather factors operate indirectly 
or are used as cues for development (Didham 
& Springate 2003). For example, many 
insects use photoperiod as a cue for initiation 
or termination of diapause to avoid 
unfavourable conditions (Wolda 1988), 
whereas solar radiation and wind can 
influence development and growth of insects 
by altering temperature and moisture regimes 
(Didham & Springate 2003). Increased wind 
and solar radiation can lead to desiccation and 
hence, affect population densities. It is also 
important to bear in mind that often multiple 
weather factors influence insect abundance 
and diversity simultaneously and their 
significance varies for different insect groups 
(Basset 1991a). 
 
3 Materials and methods 
3.1 Study area 
 
The study was conducted in Kibale National 
Park (766 km2), which is located in Western 
Uganda approximately 25 km east of the 
Ruwenzori Mountains (0˚ 13´ to 0˚ 41´N and 
30˚ 19´ to 30˚ 32´E) (Fig. 2). The park was 
designated a Forest Reserve in 1932 and 
declared a national park in 1993 (Struhsaker 
1998). The park is surrounded by tea 
plantations, small scale agriculture, wetlands, 
and forest fragments. The area has a 
biseasonal climate with two rainy seasons 
each year. The mean annual rainfall during 
1990-2001 was 1749 mm (Chapman et al. 
2005). The first rainy season occurs from 
March to May and heavier rains fall between 
October and December. However, there is 
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great variation in the amount of rain and 
length of the season between years 
(Struhsaker 1998). Rainfall also occurs 
outside the rainy season but it is notably 
lower. Temperature stays relatively constant 
throughout year: the mean maximum and the 
mean minimum during 1990 to 2001 being 
20.2 ºC and 14.9 ºC, respectively (Chapman 
et al. 2005).  
The park is a moist transitional forest 
between lowland tropical rain forest and 
montane forest (Skorupa 1988). It contains a 
wide variety of habitats including mature 
forest, secondary forest, grassland, swamp, 
and woodland thicket. About 60 % of the park 
is mature forest with a 25-30 m canopy (Wing 
and Bush 1970). The studies II-IV were 
conducted in four adjoining forest 
compartments at an elevation of ca. 1500m 
above sea level (Fig. 3). Compartment K30 
covers 300 ha of mature forest and has been 
classified as Parinari forest (Osmatson 1959) 
determined by the presence of Parinari
 excelsa Sab. (Chrysobalanaceae) and 
subdominants (Aningeria altissima (A. Chev.) 
Aubrév. & Pellegrin (Sapotaceae), Olea 
welwitschii (Knobl) Gilg. & Schellenb. 
(Oleaceae), Newtonia buchananii (Bak.) 
Gilbert & Boutique (Mimosaceae), and 
Chrysophyllum gorungosanum Engl. 
(Sapotaceae). Based on the stump counts two 
to three trees per km2 were felled from the 
area prior 1970 but this had relatively little 
impact on the compartment as a whole 
(Skorupa 1988). Within K30 there are valleys 
and hilltops that cause elevation changes of 
150 to 200 metres (Chapman & Chapman 
1997). Samples were mainly collected from 
the valleys where the canopy is relatively 
open and Acanthus pubescens (Thomson ex 
Oliv.) Engl. is a common understorey shrub. 
Compartment K14 covers 400 ha and was 
lightly logged in 1969 with a basal area 
reduction of 25-27.4 %. Compartments K15 
(347 ha) and K13 (622 ha) were heavily 
logged in 1968 and 1969 with basal area 
 
 
Figure 2. The location of Kibale National Park. The satellite image shows clearly the forest  
surrounded by agricultural land. Picture courtesy of Joel Hartter.  
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Figure 3. The location of study compartments in the Kibale National Park. Picture 
courtesy of Joel Hartter. 
 
reductions of 47 and 50.3 % respectively. In 
addition, K13 was treated with arboricide 
after logging to remove undesirable trees. 
After initial treatment K13 was left to 
regenerate naturally. 
In article I, study sites outside the forest 
were located on the northwestern side of 
Kibale between 0.5 and 3.2 km from the park 
boundary (Fig. 4). Forest fragments Kiko2 
(K2) and Kiko3 (K3) are surrounded by tea 
plantations whereas the other three sites, 
John’s Forest (JF), Lake Nkuruba (LN) and 
Forest 88 (F88) are situated in the mosaic of 
small scale agricultural areas and pastures. It 
is likely that these fragments have been 
isolated from the Kibale forest since at least 
1959 (Onderdonk & Chapman 2000). 
3.2 Study organism 
 
Neoboutonia macrocalyx Pax. (Euphorbia-
ceae) is a pioneer tree that grows in the light 
gaps of medium altitude tropical rainforests 
(Chapman et al. 1999): hereafter it will be 
referred to by its generic name. It is also 
common in partially logged and secondary 
forests (Kasenene & Roininen 1999) as well 
as in open areas associated with swamps and 
valley bottoms (Chapman et al. 1999).  
 Neoboutonia trees are 10 to 20 metres tall 
with a canopy width of 7 to 12 metres 
(Hamilton 1991) and produce new leaves 
throughout the year (unpublished data). 
Branching is dichotomous, and there are 6 to 
13 leaves in each shoot. Leaf abscission 
occurs from the base of shoot and therefore, 
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Figure 4. The location of forest fragments outside the Kibale National Park. On the left the  
approximate study area is shown, and on the right the exact location of fragments in relation to  
the park boundary (continuous pink line) is shown. 
 
the abscised leaves are the oldest leaves on a 
shoot (Hamilton 1991). As insect damage is 
common for the leaves of Neoboutonia that it 
is even used as one characteristic to describe 
the tree in botanic field guides (e.g. Hamilton 
1991). Neoboutonia produces terminal 
inflorences of small white flowers, which 
attract insects. 
3.3 Lepidopteran fauna in Kibale 
 
Little is known about the lepidopteran fauna 
in Kibale, and as elsewhere in Uganda, moths 
remain largely unexplored (Plumptre et al. 
2007). However, 94 species of the family 
Nymphalidae have been recorded, including 
species in subfamilies Acraeinae, Charaxinae, 
Nymphalinae and Satyrinae (Molleman et al. 
2006). In addition, species of Lycaenidae and 
Hesperidae have also been found. Further, 42 
species of Saturniidae, 65 species of 
Sphingidae (Howard et al. 1996), 23 species 
of Papilionidae and 12 species of Pieridae 
have been identified (Colin Chapman 
unpublished). On Neoboutonia most of the 
species found in Kibale have been moths. 
Geometridae are the largest group followed 
by Gelechiidae, Lymantriidae and Noctuidae. 
Also species of Nolidae, Oecophoridae, 
Pyralidae, Lasiocampidae, Saturniidae, 
Limacodidae, Carposinidae, Arctiidae, 
Psychidae, Notodontidae and Nymphalidae 
have been identified. 
3.4 Insect sampling 
 
The samples were collected during the day 
once a month on the 15th day of every month 
(± 2 days) for two years from January 1995, 
except in January 1996 (II). For studies (III, 
IV) sampling began in April 2006 and was 
continued on a monthly basis, with samples 
collected on the 6th day (± 2 days) until March 
2008, with the exception that K15 was not 
sampled in December 2006. At every site, ten 
trees were selected randomly for the first 
sampling. Thereafter for the first 12 months, 
six out of ten trees sampled were the same, 
whereas the remaining four trees were 
randomly selected every time (III, IV). After 
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the first 12 months sampling was randomized 
on a monthly basis to avoid effects of 
sampling on insects as extensive cutting of 
branches can cause changes in the tree 
architecture and hence influence the results. 
When the sampling was randomized any 
given tree was sampled at most every four 
months. In study II ten trees were randomly 
chosen the first sampling and remained the 
same for the duration of the study. The 
distance between the trees in every study was 
a minimum 20 metres but most of the trees 
were 80 metres or more apart. Only 
individuals without plants climbing their 
trunks were selected to minimize the 
possibility to sample larvae not feeding on 
Neoboutonia. Flowering of 40 Neoboutonia 
trees was observed in association with insect 
collection (IV). The phenological status of the 
sampled tree was noted between April 2006 
and March 2008. In this study flowering 
comprises flower bud initiation, anthesis and 
floral persistence (Rathcke & Lacey 1985).  
In study I, sites were sampled four times 
in a year; twice for both dry and rainy seasons 
to take into account seasonal differences in a 
year in species composition. Sampling begun 
in July 2006 and continued thereafter in 
October 2006, January and April 2007. Every 
sampling occasion took two weeks with K30 
(continuous forest) sampled first, followed by 
the fragments in random order. Ten randomly 
selected trees were sampled at each site. At 
K30 four of ten trees were chosen randomly 
at every sampling occasion. In the fragments 
the same ten trees were sampled throughout 
the study period due to the limited number of 
suitable trees. However, as two of the study 
trees in K2 and one in K3 were felled in 
September 2006, other trees were selected to 
replace them.  
Insect sampling was performed in a 
similar manner in all the studies. Two 
randomly selected tips of branches were cut 
from each tree using tree pruners. The 
branches were cut from the lower part of the 
middle canopy ranging from 6 to 13 m at 
height, and each had 6 to13 leaves. When cut, 
the branches dropped down onto a 4 m2 sheet 
underneath the tree. The majority of the 
larvae remained attached to the leaves, and 
were collected separately from all of the 
leaves and branches. At the research station 
samples were sorted and assigned to 
morphospecies, hereafter termed as species. 
The identification was based on 
morphological characters and the 
identification key in Immature Insects (Stehr 
2005) was used. While the use of 
morphospecies in biodiversity studies has 
been criticized because of the error it 
introduces (Krell 2004), the larvae were 
reared to avoid common identification errors, 
such as sorting different larval instars as 
different species. Based on the results of 
rearing one of the identifications had to be 
corrected. The samples were stored in 95 % 
ethanol, and voucher specimens were later 
deposited at the University of Joensuu, 
Finland. Furthermore, all the collected leaves 
were taken back to the research station for a 
leaf area analysis where the length of the 
midrib was measured and leaf area eaten was 
counted using millimetre paper. 
Permission to conduct this research was 
given by following Ugandan authorities: the 
Office of the President, the National Council 
for Science and Technology, and the Uganda 
Wildlife Authority. Furthermore, permits 
were obtained from the National Council for 
Science and Technology and the Uganda 
Wildlife Authority to export larval samples to 
the University of Joensuu. 
3.5 Tree species community, temperature, 
and relative humidity 
 
In study I, the composition of tree species 
community was investigated and temperature 
and climate measured. In the smaller 
fragments (JF, K2, K3 and F88) all trees ≥ 
150 cm in height were counted and identified 
to the species or, in a few cases, to the family 
level. In the largest fragment (LN) and 
continuous forest, eight randomly situated 
circular plots (Ø = 20 m) were used (Husch et 
al. 2002).   
Temperature and humidity were measured 
during dry season in August 2007 using Hobo 
Pro v2 loggers (Onset Computer Corporation, 
 15
USA) situated at the lower part of the sample 
Neoboutonia trees. Temperature and humidity 
were recorded at five minute intervals for two 
consecutive days in each of the fragments. In 
the continuous forest we used the same 
recording interval, but the loggers stayed in 
place for the whole three week measuring 
period. Seven loggers were deployed per site 
but due to technical difficulties only four or 
five data loggers in the fragments were 
usable.  
3.6 Statistics 
3.6.1 Sampling effort 
 
To evaluate sampling effort species 
accumulation curves were created (I-III) using 
Species Diversity and Richness Version 4 
software (Seaby & Henderson 2006). Sample 
order was randomized to eliminate variation, 
which arises from sampling error and from 
real heterogeneity among the units sampled, 
in the curve shape due to accumulation order 
(Colwell and Coddington 1994). To further 
evaluate sampling effort species richness 
estimate Jackknife 1 was calculated (I) using 
EstimateS Version 8 (Colwell 2006). 
3.6.2 Larval abundance and herbivory 
 
Mean larval density and herbivory 
(percentage of leaf area eaten) were 
determined and tested for significance using 
Kruskal-Wallis test (Kruskal & Wallis 1952) 
(I) and generalized linear model with a log 
link (III) or identity link function (IV). When 
the compartments were compared to each 
other, the number of individuals was weighed 
by the total leaf area in the generalized linear 
model to ensure that samples were fully 
comparable (III). 
3.6.3 Species diversity 
 
The diversity of lepidopteran community was 
described by the number of species (species 
richness hereafter) (I-IV) and three alpha-
diversity indices, which were Shannon-
Wiener index (II), Fisher’s alpha (Fisher et al. 
1943) (I-III) and Berger-Parker index (I, III) 
(Berger & Parker 1970). The Shannon-
Wiener index for diversity is widely used, and 
thus increases comparability with other 
studies (Mody et al. 2003). Fisher’s alpha and 
Berger-Parker index were selected based on 
the recommendations by Magurran (1988). 
Fisher’s alpha is not overly influenced by the 
rarest species or the dominance of abundant 
species (Kempton & Taylor 1974), whereas 
the Berger-Parker dominance index (d) shows 
the dominance of the most common species. 
Thus, they complement each other well.  
To find significant differences in the 
Berger-Parker (I, III) and Shannon-Wiener 
indices (II) Solow’s randomization test was 
used. Differences in Fisher’s alpha were 
tested using two analysis of variance 
(ANOVA) (III) or Kruskall-Wallis test (I) 
when the assumptions of normality were not 
met.  Differences in species richness were 
tested using ANOVA (I) and generalized 
linear model with a log link function as the 
variable followed Poisson distribution (III). 
Alpha diversity indices were calculated and 
Solow’s randomization test performed using 
Species Diversity and Richness Version 4 
(Seaby & Henderson 2006). ANOVA and 
GLM were carried out in SPSS version 14.0 
(I) (SPSS 2005) or 16.0 (III) (SPSS 2007).  
3.6.4 Species composition 
 
To analyse similarities in the community 
composition between study sites or months a 
two dimensional ordination using 
multidimensional scaling (MDS) with Bray-
Curtis dissimilarity coefficient was conducted 
(I-III). MDS ordination was chosen because it 
is particularly robust and independent of 
linearity assumptions (Minchin 1987). The 
number of dimensions was selected based on 
the results of Monte Carlo randomization test. 
To test for significant differences in 
similarities multi-response permutation 
procedure (MRPP) was performed. PC-ORD 
version 5.0 was used to perform MDS and 
MRPP (McCune and Mefford 1999). In 
addition, similarities in the community 
composition were examined using the Bray-
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Curtis index (III), which was calculated using 
EstimateS (Colwell 2006). 
To analyse similarities between different 
trees (II) Chao's estimator for Chao's Jaccard 
Abundance-based similarity index was 
calculated using EstimateS (Chao et al. 2005, 
Colwell 2006). This index is corrected for 
unseen shared species in samples and thus, 
increases accuracy when samples have 
numerous rare species and when it can be 
assumed that samples are not complete 
representations of the community as often is 
the case with diverse assemblages with many 
rare species (Chao et al. 2005). 
3.6.5 Factors influencing larval community 
 
Pearson’s correlation was used to determine 
the relationship between the factors 
describing the larval community (i.e. larval 
density, and species richness and diversity) 
and fragment area or distance to the 
continuous forest (I). To determine the 
influence of rainfall (II, III), flowering (IV), 
time of the year (III), and compartment (III) 
on the lepidopteran community variables (i.e. 
larval abundance or density, species richness 
and diversity, and leaf area eaten) cross-
correlation analysis (II) and generalized linear 
models (III, IV) were used. The number of 
individuals was weighted by the total leaf area 
in the GLM analysis (III) to ensure that 
samples are fully comparable. Leaf area was 
dependent on the length of the mid-rib and 
thus regression analysis was utilised to 
calculate the total leaf area. The leaf area (Y) 
was estimated using a regression model Y = 
5.03x + 0.83x2, R2 = 0.99, N = 159, p < 
0.001) where x is the mid-rib length and Y the 
leaf area. The mid-rib length was measured to 
the nearest mm from the base of the leaf to 
the tip of the leaf. Time lags up to four 
months were used when the effect of rainfall 
was analyzed (II-IV). Also flowering of two 
subsequent months was included in the 
analyses (IV). When variables followed 
Poisson distribution, log link function was 
used in generalized linear models (III), 
otherwise analyses were carried out using 
identity link function (IV). Bonferroni 
correction was employed in post hoc analyses 
when necessary (III, IV).  
3.6.6 Factors influencing flowering 
 
To analyse the impact of rainfall and 
herbivory on the flowering of Neoboutonia a 
generalized linear model was carried out (IV). 
Flowering followed negative binomial 
distribution, and thus a log link function was 
used in the analyses. Time lags of up to 11 
months were used when the influence of 
rainfall was analyzed whereas the effect of 
herbivory one and two months prior to a 
given month was also included in the 
analyses. Sequential Bonferroni correction 
was performed after the analyses for the 
significant P-values. To compare the level of 
herbivory between the study years the Mann-
Whitney U-test (Mann & Whitney 1947) was 
used. 
3.6.7 Tree community, temperature, and 
relative humidity 
 
MDS ordination on Bray-Curtis dissimilarity 
coefficient was conducted to analyse 
similarities in the tree community between 
different sites. Monte Carlo randomization 
test was used to choose a two dimensional 
ordination. Before the ordination the number 
of tree species was related to the fragment 
area to make the samples fully comparable. 
Furthermore, the samples were related to the 
maximum to equalise large variances between 
the samples. Mantel test (Mantel 1967) was 
performed in PC-ORD version 5.0. (McCune 
& Mefford 1999) to test if there was 
association between the tree and larval 
communities. Wilcoxon singed-rank test 
(Wilcoxon 1945) was used to test differences 
in mean temperature and humidity in four 
different time periods: morning (06-09 hr), 
midday (11-14 hr), afternoon (14-17 hr) and 
evening (18-21 hr).  
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4 Results and discussion 
4.1 Lepidopteran assemblage 
 
Geometridae species were most abundant on 
the leaves of Neoboutonia (I-III). Another 
common feature was the high number of 
singletons in the assemblages (I-III) which is 
common in the lepidopteran assemblages in 
the tropics (Brehm & Fiedler 1999, Novotny 
et al. 2002a). This can be due to a real rarity, 
i.e. small population, or it can reflect 
incomplete sampling of a community, which 
is a common feature of tropical studies 
(Novotny & Basset 2000). High number of 
singletons can also be caused by species that 
use several host plants and are rare on each of 
them but still have viable population when all 
the individuals on different host plants are 
taken account or by so called tourist species 
from adjacent sites that have no functional 
role in the community or species may appear 
to be rare because the plant in question is a 
marginal host plant for them.  
4.2 Disturbance 
 
Both fragmentation (I) and previous forest 
harvesting (III) had negative impact on larval 
abundance and species richness but not on 
species diversity as expressed by Fisher’s 
alpha. The most likely reason for this 
controversy is that opportunistic species with 
intermediate abundances benefited from 
disturbance, which is reflected in the values 
of Fisher’s alpha. Earlier results show that 
lepidopteran larvae respond negatively to 
disturbance (Arnold & Asquith 2002) and the 
same is true for other insect groups as well 
(e.g. Kitching et al. 2000, Floren & 
Linsenmair 2003, Samejima et al. 2004, but 
see Dunn 2004a). However, the impact of 
disturbance can vary. Nummelin & Hanski 
(1989) found no significant difference in the 
dung beetle abundance and species richness in 
Kibale whereas Chapman and Chapman 
(2003) found decreased dung beetle 
abundance and species richness in the 
fragments around Kibale forest. These results 
underline the importance of habitat quality. In 
Kibale resources for dung beetles are 
available in all compartments because 
mammals use both natural and logged 
compartments (Nummelin 1990), and the 
canopy is relatively closed compared to the 
fragments around Kibale NP (Chapman & 
Chapman 2003). Habitat quality has also been 
associated with moth species richness that 
usually diminishes only when the overall 
floristic composition of the forest habitat 
differs significantly from the initial 
assemblage (Intachat et al.1997). However, 
Dunn (2004a) found that logging did not 
reduce lepidopteran species richness 
significantly compared to mature forest 
neither did he find correlation between 
logging intensity and species richness.  
The results of study III are congruent with 
assessment that logging intensity is 
unimportant to the species richness but 
highlight the importance of mature forest. 
Logging intensity measured as number of 
trees removed reveals very little about the 
actual impact (Johns 2004). When trees are 
falling, they may damage other trees and 
subsequently make them sensitive to death by 
other causes such as fungal infections. 
Furthermore, logging roads and log loading 
areas usually form substantial part of the 
damage that occurs in the logged forest. As a 
result the logged areas often differ not only in 
vegetation composition but also in structure 
from mature forest. It is clear in Kibale NP 
that even the lightly logged compartment K14 
differs significantly from the mature forest, 
especially in the area where the old logging 
road existed. The different results between the 
study III and that of Dunn can be explained 
by the type of lepidoptera studied, mainly 
moths in the study III versus butterflies in 
Dunn’s, and the scale of the studies. 
Butterflies benefit from low to intermediate 
disturbance because of increased temperatures 
and light (Brown 1997) and hence, species 
richness may increase. Further, studies on 
butterflies show that at small spatial scale, 
species richness and abundance of butterflies 
tend to increase after a disturbance whereas at 
large spatial scale the response is either 
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opposite to that of small spatial scale or there 
is no significant change (Hamer & Hill 2000, 
Hill & Hamer 2004).  
Although species richness provides 
valuable information about the number of 
species present, from conservation point of 
view it is more important to know which 
species are present and how similar 
communities are after a disturbance. 
Community composition differed 
significantly within Kibale forest (III) and 
between continuous forest and fragments (I). 
This is most likely to be attributed to two 
factors: Microclimate and tree community. 
Lepidopteran larvae are closely linked to 
nutrient availability, light regime, and 
microclimatic conditions through their host 
(Brown 1997) and hence, differences in these 
factors are probably reflected in the larval 
community. Supporting evidence was found 
from the fragments around Kibale where 
larval community was associated with tree 
community and microclimate (I). Within 
Kibale forest neither microclimate nor tree 
community composition was studied. 
However, the compartments clearly differ in 
vegetation structure and botanical 
composition (Struhsaker 1998, Nummelin 
1992) and thus, it is very likely that the same 
factors cause differences in species 
composition within Kibale forest as in the 
fragments.  
4.3 Seasonality 
 
Seasonal variation was found in all 
community variables (i.e. larval abundance, 
species diversity and richness, herbivory, and 
community composition) (II-IV). Earlier 
studies in Kibale have shown temporal 
fluctuations in butterfly abundance and 
diversity (Molleman et al. 2006) and in the 
abundance of forest floor arthropods but not 
in the herbivory in the forest floor (Nummelin 
1992). The seasonality found in Kibale 
corroborates findings from other tropical 
forests and confirms that seasonality is a 
widespread phenomenon throughout the 
tropics (e.g. Basset 1991a, Wolda 1992, 
DeVries et al. 1997, 1999), even on constant 
resources.     
The factors behind seasonality in larval 
abundance were hard to pinpoint. Neither 
flowering nor rainfall explained larval 
abundance (II, IV). Molleman et al. (2006) 
also came to conclusion that abundance of 
fruit-feeding nymphalids in Kibale does not 
follow rainfall pattern. Although rainfall has 
been linked to insect abundance (Denlinger 
1980, Tanaka & Tanaka 1982, Intachat et al. 
2001), it is not a decisive factor in 
lepidopteran abundance in Kibale. This is 
likely to stem from the large variations in 
monthly and annual rainfall (Struhsaker 
1998). Herbivore abundance has been 
connected to their resources (Basset 1991a, 
Intachat et al. 2001, Hopkins & Memmott 
2003) but Neoboutonia produces leaves 
continuously throughout the year and hence, 
this is unlikely possibility. Similarly, 
flowering of Neoboutonia is dispersed 
through time (IV) which can level the impact 
of flowering on larval abundance. Other 
factors found to explain seasonality are 
minimum air temperatures (Basset 1991a) and 
humidity (Intachat et al. 2001). When the link 
between insects and microclimate in 
fragments (I) is taken into consideration it is 
entirely possible that temperature and 
humidity explain seasonality in larval 
abundance within Kibale forest as well.  
On the contrary, rainfall and flowering 
both explained temporal fluctuations in 
species diversity and richness (II, IV). The 
link between species richness and flowering is 
expected as flowering provides new resources 
for species with flower-feeding larvae. Also 
species with nectar-feeding adults may 
contribute to the richness of larval assemblage 
as diversity was related to the flowering of 
two subsequent months (IV). Rainfall up to 
three month lag explained species diversity 
and richness (II, IV). Earlier studies have 
linked rainfall to the diversity of adult moths 
and butterflies (Intachat et al. 2001, Hamer et 
al. 2005). Diversity peaks during the June-
August dry season may be related to resource 
competition. The number of individuals and 
especially that of Geometridae sp.1, the 
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dominant species in the assemblage found on 
the leaves of Neoboutonia, dropped during the 
dry season. Because competition is often 
asymmetrical among insects (Lawton & 
Hassell 1981), the lower abundance of 
Geometridae sp. 1 should benefit other 
species as the results indicate. Further 
increase in diversity may be due to generalist 
species. Several tree species in Kibale drop 
their leaves at least partially during the dry 
season which limits resources of generalist 
species and may cause them to feed more on 
the leaves of Neoboutonia.  
Disturbance does not seem to be related 
to seasonality of species richness. Instead 
variation in species richness was synchronous 
across the compartments (III). Previous study 
by Hamer et al. (2005) found seasonal 
differences in diversity of butterflies in 
primary forest but not in logged forest where 
diversity was stable throughout seasons. Their 
suggestion that logging reduces temporal 
heterogeneity is not supported. On the 
contrary, insect abundance and herbivory both 
varied asynchronously which is likely to 
indicate differences in microclimate. 
4.4 Implications for conservation 
4.4.1 Long-term impact of logging 
 
The majority of logged tropical forests are left 
to regenerate naturally following logging as 
this is the most economically viable option 
(Johns 2004). In the light of the results of 
study III, natural regeneration was not a good 
choice in Kibale from the viewpoint of 
biodiversity conservation. The differences 
found in the species composition between 
logged and mature forest after several decades 
(III) are in line with observations of 
Nummelin and Zilihona (2004) that showed 
differences, which have become greater 
during the succession, in the forest floor 
arthropod communities of heavily disturbed 
and natural forest in Kibale NP.  In Kibale 
regeneration has been hindered by elephants 
(Lawes & Chapman 2005) and denser forest 
floor vegetation (Nummelin 1992). Although 
colonizing trees (e.g. Trema guineensis, 
Polyscias fulva, Neoboutonia macrocalyx) 
occur in Kibale, they did not manage to 
outcompete the herbaceous vegetation after 
the logging to form a canopy and allow 
shade-demanding trees to establish 
themselves (Struhsaker 1998). The ultimate 
reason for the hindered regeneration may be 
that due to the lack of natural large scale 
disturbances, e.g. earthquakes, hurricanes and 
forest fires, the vegetation in Kibale may not 
be adapted to sustain disturbance at the scale 
that past logging imposed (Chapman et al. 
1999).  
It has been suggested that logging 
intensity should be guided by natural 
regeneration processes in the area, 
particularly concerning maximum gap size or 
the density and the size of seed trees to ensure 
successful regeneration (Johns 2004). 
Considering that the impact of logging is still 
evident in the lepidopteran assemblage in 
Kibale (III) this seems to be a sensible 
guideline for forest management, especially 
as it can be regionally applied to areas with 
different natural disturbance regimes.  
4.4.2 Value of secondary forests in 
conservation 
 
The fate of tropical forests and species living 
in them has been strongly debated during the 
past few years (e.g Laurance 2007). Wright 
and Muller-Landau (2006) argue that 
estimates of species extinctions are 
exaggerated and far more species will survive 
in the future than is currently thought. They 
predict that future forest area will not decline 
as dramatically as previously thought. They 
base their argument on various trends: 
Declining population growth, lower than 
expected deforestation rates, increasing 
urbanization, increasing forest regeneration, 
and historical fluctuations in forest cover. 
They argue that although primary forests may 
be lost, regenerating secondary and logged 
forests can fill this gap and prevent large-
scale species extinctions. However, they do 
not make a distinction between different types 
of forest even though they acknowledge that 
species composition often differs between 
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primary and secondary forest making primary 
forest invaluable in conservation.  
The results of study III show that primary 
and secondary forests are not equal habitats 
for lepidopteran larvae even when the 
secondary forest has been only selectively 
logged as oppose to the forest that regenerated 
after a clear cut or on abandoned pasture sites. 
Similar results have been found in other 
studies (Hamer et al. 1997, Summerville & 
Crist 2002, Floren & Linsenmair 2003, Dunn 
2004b). Dunn (2004b) showed that although 
species richness may recover during forest 
regeneration, species composition does not. 
This is in line with observation by Nummelin 
and Zilihona (2004) that the forest floor 
arthropod communities of heavily disturbed 
and natural forest differed in Kibale after 
more than 20 years of forest regeneration and 
the differences had become greater during the 
succession. Although Kibale may not be very 
representative of the forests in general due to 
hindered regeneration of logged 
compartments (Chapman & Chapman 1997), 
results of study III and those of Nummelin 
and Zilihona (2004) advocate caution when 
making management decisions on tropical 
forest conservation.      
4.4.3 Conservation value of small forest 
fragments 
 
As pressure on the forest areas has increased, 
the size of a conservation area has been under 
a debate. Mainly the question has been 
approached from the “Single Large Or 
Several Small” (SLOSS) perspective with 
many ecologists preferring large reserves 
based on the negative effects of fragmentation 
on small fragments (Putz & Zuidema 2008). 
In the study I size of a fragment had no effect 
on different community variables. Although 
all the fragments (range from 0.93 to 16.9) in 
study I can be classified as small (see Putz & 
Zuidema 2008), differences have been 
detected in the herbivory by lepidopteran 
larvae between small (< 1 ha) and medium 
size (7-17) fragments (Arnold & Asquith 
2002), which indicates that size does matter. 
However, disturbance might matter more. In 
general, geometrid moths respond negatively 
to disturbance (Kitching et al. 2000). All but 
the smallest of the fragments in study I have 
been subject to different kinds of 
anthropogenic disturbance such as firewood 
collection, which has probably influenced the 
larval community. Especially in the light of 
the results of study III, disturbance seems to 
be important in defining larval assemblage. 
The influence of disturbance on the larval 
community was seen in the fragments, 
between forest compartments in Kibale and 
between different Neoboutonia trees (I-III). 
Neoboutonia had relatively predictable fauna 
in the lightly logged compartment (II). 
Furthermore, the dominance of Geometridae 
sp. 1 was lower in the disturbed fragments 
and forest compartments (I, III). However, as 
Nummelin and Kaitala (2004) have shown 
dominance indices are not good universal 
indicators of disturbance because differences 
are not systematic across different insect 
groups.  
One of the reasons for the importance of 
disturbance on defining larval assemblage 
may be specialisation. Rickleffs & Lovett 
(1999) have suggested that habitat diversity is 
likely to influence taxa with high degree of 
habitat specialisation. In the tropics most 
lepidopteran larvae are specialised to a certain 
degree. Novotny et al (2002b, 2002c) have 
suggested that usually Lepidoptera are 
specialised on plant genera and family rather 
than species, but Dyer et al. (2007) found 
high degree of specialisation at plant species 
level for four lepidopteran families and 
superfamilies: Geometridae, Noctuidae, 
Arctiidae, and Papillionoidea. Furthermore, 
herbivore communities have been shown to 
reflect plant taxonomic composition (Lepš et 
al. 2001) and low beta diversity of 
lepidopteran larvae on host trees of the same 
genus has been reported across 75,000 square 
kilometres of contiguous lowland rainforest in 
Papua New Guinea (Novotny et al. 2007). If 
disturbance remarkably changes the tree 
species composition, then it is expected that 
herbivore community also changes. 
Therefore, it may be as important, or even 
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more important, to focus on the habitat 
quality as on the size. 
However, forest fragments have also 
indirect value for conservation, which should 
be taken into account when considering their 
conservation value. Even though they may not 
sustain similar assemblages as in the 
continuous forest, they can decrease pressure 
on the protected forest. Around Kibale forest 
fragments are used for multiple purposes by 
local inhabitants and act as a buffer for the 
park. 
4.4.4 Moths as biodiversity indicators 
 
As study III shows, moths reacted to 
disturbance, but what is their value as general 
biodiversity indicator species? Moths, as all 
lepidopterans in general, are closely 
associated with their host plants and therefore, 
should be expected to reflect changes in the 
quality of their environment. This has been 
evidenced in practice (Kitching et al. 2000, 
Summerville & Crist 2003) which supports 
the usefulness of moths as indicators of 
environmental quality. However, Lomow et 
al. (2006) did not find differences between 
restoration areas and forest remnants but these 
results were based on in total of four nightly 
catches.  
 There are indications that morphospecies 
may be used as effectively as species in 
invertebrate biodiversity assessments (Oliver 
& Beattie 1996).  Lepidoptera are also better 
known than many other invertebrates and 
hence, could be utilised as an umbrella group 
for insect conservation (New 1997).  They 
may also be employed as surrogates for other 
faunal groups. Howard et al. (1998) found 
moths suitable to be used as complementary 
taxa for other groups (i.e. birds, mammals, 
plants, and butterflies) in Uganda. However, 
changes in one group do not always indicate 
changes across taxa: Lawton et al. (1998) 
studied changes in species richness of eight 
groups (birds, butterflies, canopy and flying 
beetles, canopy and leaf-litter ants, termites, 
and soil nematodes) following forest 
modification and concluded that none of the 
groups was good indicator of change for an 
other group. Also Barlow et al. (2007) 
showed that responses of 15 taxa to forest 
modification differed in regard to species 
richness. Comparing species composition 
provided better surrogate measure across taxa 
(Barlow et al. 2007). As species composition 
reflects ecological requirements of the 
species, it avoids the problem associated with 
species richness that only measures the 
number of species without discriminating 
between mature vs. secondary forest species. 
However, caution should be used when 
predicting faunistic patterns based on floristic 
composition as the strength of these 
relationships differs between different groups 
(Sääksjärvi et al. 2006). 
4.4.5 Seasonality and biodiversity 
assessments 
 
Although seasonal variation is common in the 
tropics, it is only seldom taken into account in 
biodiversity assessments (Kitching et al. 
2001). As seen in the studies II-IV, insect 
communities can vary remarkably from 
month to month and season to season. 
Therefore, variation between the seasons can 
lead to different conclusions about the state of 
the forest biodiversity as shown by Hamer et 
al. (2005). They found that primary forest was 
significantly more diverse than logged forest 
during the dry season but the situation was 
opposite during the wet season. Therefore, 
seasonality should be incorporated to all 
biodiversity assessments. Caution is 
particularly advised in areas like Kibale 
where seasonal changes are unpredictable and 
year to year variation is more of a norm than 
an exception. 
5 Conclusions 
 
It is clear from the results that lepidopteran 
larvae on Neoboutonia macrocalyx are 
sensitive to anthropogenic disturbance and the 
impact is very long lasting. Not only do the 
levels of species richness and density change 
but more importantly species composition still 
differs from mature forest several decades 
after the forest fragmentation and harvesting. 
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In conservation context this implies that a 
continuous mature forest is invaluable in 
biodiversity conservation, even when the 
intensity of forest harvesting remains low.  
The results also confirm that seasonality 
is a widespread phenomenon throughout the 
tropics, even on constant resources. The links 
found between lepidopteran larvae and 
different factors, i.e. microclimate, rainfall, 
tree community composition, and flowering 
of Neoboutonia, describe the closeness of 
lepidopteran larvae to their environment and 
explain seasonality in species diversity and 
richness. However, none of the factors 
examined explain seasonal variation in larval 
density. Observed seasonal variation 
underlines the importance to incorporate 
seasonality in the biodiversity assessments.  
When lepidopteran larvae are considered, 
forest management in Kibale NP has not 
achieved the stated goal “to ensure minimum 
disturbance and maximum protection of the 
biodiversity and ecological processes within 
Kibale National Park” (Uganda Wildlife 
Authority 2003). Instead, hindered 
regeneration of the logged compartments is 
reflected in the herbivorous insect fauna 
several decades after the logging took place. 
Although the unlogged compartment 
preserves biodiversity, restoration activities in 
the logged compartments are recommended to 
fully meet the goal. Paul et al. (2004) 
suggested removal of Acanthus pubescens, 
which dominates the logging gaps, to 
facilitate regeneration. In addition, 
enrichment planting may be necessary to 
ensure sufficient seedling density. 
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ABSTRACT
 
Aim
 
We aim to assess the impact of forest fragmentation on lepidopteran larval
community and study the associations of microclimate and tree community with
lepidopteran assemblage.
 
Location
 
Kibale National Park, Uganda.
 
Methods
 
We investigated the effects of forest fragmentation on leaf herbivory,
density of lepidopteran caterpillars, species richness and diversity as well as the
composition of herbivorous lepidopteran larval community. Microclimate, size of
the fragment, distance to the continuous forest, and tree diversity were studied
as possible explanatory factors. We sampled 10 
 
Neoboutonia macrocalyx
 
 Pax.
(Euphorbiaceae) trees in each fragment during dry and rainy season, total of four
times, in a year to cover the seasonal variation.
 
Results
 
The rates of herbivory, total larval density and species richness were
significantly lower in the forest fragments than in the continuous forest but species
diversity expressed as Fisher’s alpha did not differ. The dominance structure and
community composition of the larval communities in the fragments was different
from that of the continuous forest. None of the differences we observed were related
to the fragment area or distance to the continuous forest. Instead, we found an
indication of association between the herbivore and the tree communities. The
fragments had significantly lower humidity during most of the day and higher
temperature during the afternoons (14–17 h), which might partially explain the
differences in lepidopteran larval communities.
 
Main conclusions
 
Decreased larval density and species richness as well as
differences in the community composition and structure all highlight the
importance of large continuous forest areas for maintaining larval biodiversity.
 
Keywords
 
Diversity, East Africa, extinction risk, herbivory, insects, species richness.
 
INTRODUCTION
 
Deforestation occurs throughout the tropics and is a major
threat to biodiversity (e.g. Bierregaard 
 
et
 
 
 
al
 
., 1992; Turner &
Corlett, 1996; Stockwell 
 
et
 
 
 
al
 
., 2003). For example, according to
FAO (2005) Uganda loses 86,000 hectares of forest every year, in
other words 2.2% of its 3,627,000 forest hectares. Not only does
deforestation mean forest area loss, it is also associated with
habitat fragmentation that further adversely affects biodiversity
(Newmark, 2002).
Where habitat fragmentation occurs, many ecological factors
change, such as total area of habitat, microclimate (Didham &
Lawton, 1999), as well as the rates of predation, parasitism
(Valladares 
 
et
 
 
 
al
 
., 2006), pollination (Aguilar 
 
et
 
 
 
al
 
., 2006) and
seed dispersal (Cordeiro & Howe, 2001). As fragmentation
continues, the landscape becomes an increasingly heterogeneous
mosaic, establishing isolated fragments within that mosaic.
Traditionally, area and isolation were seen as the only determinants
for maintenance of diverse communities (MacArthur & Wilson,
1967), and many fragmentation studies have used area as a
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surrogate to explain change in community structure in small
fragments (Didham, 1997). Certainly, area and isolation can be
important determinants for species richness, but in practice
studied effects have been controversial (e.g. Klein, 1989; Bierregaard
 
et
 
 
 
al
 
., 1992; Didham 
 
et
 
 
 
al
 
., 1998; Steffan-Dewenter & Tscharntke,
2000; Laurance 
 
et
 
 
 
al
 
., 2002; Watling & Donelly, 2006).
The heterogeneous mosaic in which fragments exist directly
impacts the abiotic conditions of the fragment. Invertebrate
species have diverse and often species-specific responses to
microclimatic changes, such as increased light penetration,
higher wind speed and lower humidity (Murcia, 1995; Didham,
1997; Laurance & Bierregaard, 1997; Ries 
 
et
 
 
 
al
 
., 2004). Some of
the species seem to respond negatively (e.g. euglossine bees:
Powell & Powell, 1987; fruit-feeding butterflies: Shahabuddin &
Terborgh, 1999; termites: Davies 
 
et
 
 
 
al
 
., 2003; beetles: Grimbacher
 
et
 
 
 
al
 
., 2006), whereas others seem to benefit from fragmentation
(e.g. pyralidae: Cappucino & Martin, 1997; butterflies: Brown &
Hutchings, 1997; beetles: Grimbacher 
 
et
 
 
 
al
 
., 2006). Partially, the
responses can be spatial scale dependent. Studies on butterflies
show that at small spatial scale, species richness and abundance
of butterflies tend to increase after a disturbance, whereas at large
spatial scale the response is either opposite to that of small spatial
scale or there is no significant change (Hamer & Hill, 2000; Hill
& Hamer, 2004).
In plant kingdom the impact of fragmentation is negative.
It reduces reproduction success, mortality and seedling survival
(Benitez-Malvido, 1998; Laurance 
 
et
 
 
 
al
 
., 1998; Aguilar 
 
et
 
 
 
al
 
.,
2006). Less is known, however, on how changes in a tree community
affect herbivores. In the tropics, plant–caterpillar food webs are
characterized by a small number of strong, dominant links
(Novotny 
 
et
 
 
 
al
 
., 2004), and herbivore communities have been
shown to reflect plant taxonomic composition (Lep
 
Í
 
 
 
et
 
 
 
al
 
., 2001).
Therefore, it can be expected that changes in a botanical community
lead to changes in herbivore communities. To some extent
herbivores can compensate for change by switching their food
plant, as many of them have been shown to be specialized on plant
genera and family rather than species (Novotny 
 
et
 
 
 
al
 
., 2002a,b),
but decreased area of fragments constricts possibilities.
Very little is known about lepidopteran larvae and how habitat
fragmentation affects larval communities. Decreased rates of
herbivory after fragmentation suggest that fragmentation has a
negative impact on lepidopteran larvae (Arnold & Asquith,
2002). This paper reports the effects of habitat fragmentation on
larval density and species richness, rates of herbivory, diversity
and species composition of a lepidopteran larval community
in a medium altitude tropical forest in western Uganda. The
following questions are addressed: (1) Do rates of herbivory,
larval density, species richness and diversity change in fragments
in comparison to continuous forest? (2) Does similarity of
the communities decrease due to fragmentation? (3) Which
of the factors, i.e. fragment area, distance to the continuous forest,
temperature, humidity, and tree species community are associated
to differences in larval communities?
We hypothesized that rates of herbivory, larval density, species
diversity and richness are lower in the fragments compared to the
continuous forest, and larval communities differ between these two
habitats. Furthermore, we hypothesized that the density of larvae
is reduced in small fragments that are far from the continuous
forest. Finally, we expected that tree species community and
microclimate are associated with the community composition of
lepidopteran larvae.
 
METHODS
Study site
 
The Kibale National Park (766 km
 
2
 
) is located in western Uganda
approximately 25 km east of the Ruwenzori Mountains (0
 
°
 
13
 
′
 
 to
0
 
°
 
41
 
′
 
 N and 30
 
°
 
19
 
′
 
 to 30
 
°
 
32
 
′
 
 E). The park is a moist transitional
forest between lowland tropical rain forest and montane forest
(Skorupa, 1988). It contains a wide variety of habitats including
mature forest, secondary forest, grassland, swamp and woodland
thicket. About 60% of the park is tall forest with 25–30 m canopy
(Wing & Buss, 1970).
We compared the effects of fragmentation between continuous
forest (Kanyawara K-30), hereafter referred to as K-30, and five
forest fragments outside the park. Kanyawara is located at an
elevation of 1500 m and receives a mean annual rainfall of
1749 mm (1990–2001) (Chapman 
 
et
 
 
 
al
 
., 2005). Rainfall is
dispersed throughout the year, but there are distinct dry and
wet seasons; March to May and October to December are the two
wet seasons (Struhsaker, 1975). Annual mean daily minimum
temperature is 14.9 
 
°
 
C and maximum 20.2 
 
°
 
C (1990–2001)
(Chapman 
 
et
 
 
 
al
 
., 2005).
The climax forest found near K-30, determined by the presence
of 
 
Parinari excelsa
 
 Sab. (Chrysobalanaceae) and subdominants
(
 
Aningeria altissima
 
 (A. Chev.) Aubrév. & Pellegrin (Sapotaceae)
 
,
Olea welwitschii
 
 (Knobl) Gilg. & Schellenb. (Oleaceae)
 
, Newtonia
buchananii
 
 (Bak.) Gilbert & Boutique (Mimosaceae), and
 
Chrysophyllum gorungosanum
 
 Engl. (Sapotaceae)), covers
300 ha of forest and has been classified as 
 
Parinari
 
 forest
(Osmatson, 1959; Struhsaker, 1975). Prior to 1970, occasional
trees (two to three per km
 
2
 
 based on stump counts) were
felled from the area, but this had relatively little impact on the
compartment as a whole (Struhsaker, 1975; Skorupa, 1988).
Within K-30 there are valleys and hilltops that cause elevational
changes of 150 to 200 m (Chapman & Chapman, 1997). Samples
were mainly collected from the valleys where the canopy is
relatively open and 
 
Acanthus pubescens
 
 (Thomson ex Oliv.) Engl.
is a common understorey shrub.
Study sites outside the forest were located on the north-
western side of Kibale between 0.5 and 3.2 km from the park
boundary (Table 1). Forest fragments Kiko2 (K2) and Kiko3
(K3) are surrounded by tea plantations, whereas the other three
sites, John’s Forest (JF), Lake Nkuruba (LN) and Forest 88 (F88),
are situated in the mosaic of small scale agricultural areas and
pastures. Most likely these fragments have been isolated from the
Kibale forest at least since 1959 (Onderdonk & Chapman, 2000).
The size of the fragments and straight-line distance to the park
boundary was determined using Garmin GPSMAP 60CSx
(Garmin Ltd, Olathe, KS, USA), and the canopy cover is the
mean of two independent visual observations.
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Study organism
 
Neoboutonia macrocalyx
 
 Pax. (Euphorbiaceae) is a pioneer tree
that grows in the light gaps of medium altitude tropical rain
forests (Chapman 
 
et
 
 
 
al
 
., 1999), hereafter it will be referred to by
its generic name. It is common in partially logged and secondary
forests (Kasenene & Roininen, 1999) as well as in open areas
associated with swamps and valley bottoms (Chapman 
 
et
 
 
 
al
 
.,
1999). 
 
Neoboutonia
 
 trees are 10–20 m tall with a canopy width of 7 to
12 m (Hamilton, 1991). The production of new leaves occurs
throughout the year (Authors’ unpublished data). Leaf abscission
occurs from the base of shoot and therefore, the abscised leaves
are the oldest leaves on a shoot. Branching is dichotomous, and
there are 6 to 13 leaves in each shoot.
The caterpillars living on leaves of 
 
Neoboutonia
 
 are not well
known. Based on our preliminary results, the most common
lepidopteran species are specialists, at least at family level (Author’s
unpublished data), but more research is needed to verify this.
 
Insect sampling
 
The study sites were sampled four times in a year; twice for both
dry and rainy seasons to take into account seasonal differences in
a year in species composition. Sampling begun in July 2006 and
thereafter in October 2006, January and April 2007. Every
sampling occasion took 2 weeks with Kanyawara sampled first,
and the fragments in random order. Ten randomly selected trees
were sampled at each site. At Kanyawara 4 of 10 trees were chosen
randomly at every sampling occasion. In the fragments the same
10 trees were sampled throughout the study period due to the
limited number of suitable trees. However, two of the study trees
in K2 and one in K3 were felled on September 2006 and other
trees were selected to replace them. Only individuals without
plants climbing their trunks were selected to minimize variation
between study trees caused by possible tourist species.
Two randomly selected tips of branches were cut from each
tree using tree pruners. The branches were cut from the lower
part of the middle canopy at heights ranging from 6 to 13 m, and
each had 6–13 leaves. When cut, the branches dropped down to
a 4-m
 
2
 
 sheet underneath the tree. Most of the larvae remained
attached to the leaves, and were collected separately from all of
the leaves and branches. Only lepidopteran species observed to
feed on leaves were collected. At the research station samples of
larvae were sorted and assigned to morphospecies, hereafter
termed as species. The use of morphospecies in biodiversity
studies has been criticized because of the error it introduces
(Krell, 2004) but we reared the larvae to avoid common mistakes
such as sorting different larval instars to different species. Based
on the results of rearing, we have needed to correct one of our
identification. The samples were stored in 95% ethanol, and
voucher specimens are deposited at the University of Joensuu.
Furthermore, all the collected leaves were taken back to the
research station at Kibale for leaf area analysis where the length of
the mid-rib was measured and leaf area eaten counted using
millimetre paper.
 
Tree species community, temperature, and relative 
humidity
 
The composition of tree species community in all the study
forests was investigated (see Appendix S1 in Supporting Infor-
mation). In the smaller fragments (JF, K2, K3 and F88) all
trees 
 
≥
 
 150 cm in height were counted and identified to the
species or in a few cases to the family level. In the largest
fragment (LN) and continuous forest eight randomly situated
circular plots (Ø = 20 m) were used (Husch 
 
et
 
 
 
al
 
., 2002).
Temperature and humidity were measured during dry season
in August 2007 using Hobo Pro v2 loggers (Onset Computer
Corporation, USA) situated at the lower part of the sample
 
Neoboutonia
 
 trees. Temperature and humidity were recorded at
five minute interval for two consecutive days in each of the
fragments. In the continuous forest we used the same recording
interval, but the loggers stayed in place for the whole three week
measuring period. Seven loggers per site were deployed but
due to technical difficulties only four or five data loggers in the
fragments were usable.
 
Data analysis
 
Larval community, herbivory, fragment area and distance to the 
continuous forest
 
Species accumulation curves were created using Species Diversity
and Richness version 4 (Seaby & Henderson, 2006) to evaluate
how completely the communities were sampled. Sample order
was randomized 100 times to eliminate variation in the curve
shape due to accumulation order which arises from sampling
error, and from real heterogeneity among the units sampled
(Colwell & Coddington, 1994). To further evaluate our sampling
effort species richness estimate Jackknife 1 was calculated using
EstimateS Version 8 (Colwell, 2006).
Mean larval density and herbivory (percentage of leaf area
eaten) were determined and tested for significance using analysis
Table 1 Fragment area, distance to the park boundary, canopy 
cover and proportion of Neoboutonia trees in the canopy in the 
continuous forest (K-30) and five forest fragments. In the 
continuous forest the canopy cover and the amount of Neoboutonia 
trees are from the valleys were we sampled.
Study site Area (ha)
Distance 
(km)
Canopy 
cover (%)
Proportion 
of Neoboutonia (%)
F88 8.45 2.1 50 30
JF 0.93 2.4 90 40
K2 2.81 0.7 60 50
K3 8.86 0.5 40 50
LN 16.90 3.2 60 50
K-30 300.00 60 30
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of variance (ANOVA) in SPSS version 14.0 (SPSS, 2005) or Kruskal–
Wallis test (Kruskal & Wallis, 1952) when the assumptions of
ANOVA were not met. When testing larval density for significances
we combined the monthly samples to remove the temporal
effect. The diversity of lepidopteran community was described
by the number of species as well as using alpha-diversity indices.
We chose Fisher’s alpha and Berger–Parker index following
the recommendations by Magurran (1988). Fisher’s 
 
log
 
-series
predicts that species never end but the rate of increase slows
down (Fisher 
 
et
 
 
 
al
 
., 1943). Compared to the other measures of
diversity, Fisher’s alpha is less sensitive to variation in sample
size and is not overly influenced by the rarest species or the
dominance of abundant species (Kempton & Taylor, 1974).
Berger–Parker dominance index (d) (Berger & Parker, 1970) was
used to evaluate dominance of the most abundant species in
study sites. Differences in dominance were tested using Solow’s
randomization test (Solow, 1993), and differences in species
number and Fisher’s alpha were tested using ANOVA or
Kruskal–Wallis test where appropriate. Alpha diversity indices
were calculated using Species Diversity and Richness version 4
(Seaby & Henderson, 2006).
Pearson’s correlation was used to determine the relationship
between the factors describing the larval community (i.e. larval
density and species richness, Fisher’s alpha, and Berger–Parker
index for dominance) and fragment area or distance to the
continuous forest. Distance to the continuous forest was the
minimum straight-line distance to the park boundary based on
GPS mapping.
To analyse similarities between sites, the amount of shared
species between the fragments and continuous forest was
compared. For the comparison data of all samples from fragments
were pooled (
 
n
 
 = 200) and compared to a yearly sample of
continuous forest (
 
n
 
 = 120). Furthermore, a two-dimensional
ordination using multidimensional scaling (MDS) on Bray–
Curtis dissimilarity coefficient was conducted. MDS ordination
was chosen because it is particularly robust and lacks the
problems often encountered with correspondence analysis
and canonical correspondence analysis (Minchin, 1987). It is
independent of linearity assumptions and does not require
transformation of data. The number of dimensions was selected
based on the results of Monte Carlo randomization test
(
 
P
 
 = 0.004 for two-dimensional solution). To test for significant
differences in similarities multiresponse permutation procedure
(MRPP) was performed. The MRPP test returns a test statistic 
 
T
 
that describes the separation between groups (the more negative
 
T
 
 is, the stronger the separation). PC-ORD version 5.0 was used
to perform MDS and MRPP (McCune & Mefford, 1999).
Before the analysis, the number of larvae was related to the
total leaf area to ensure the samples were comparable. Therefore,
the density of larvae was expressed as the number of larvae per
100 m
 
2
 
. Leaf area was dependent on the length of the mid-rib
(measured to the nearest mm from the base to the tip of a leaf),
and a regression analysis was used to estimate the total leaf area. The
leaf area (
 
Y
 
) was estimated by the regression model using mid-rib
length (
 
x
 
) as a factor explaining leaf area (
 
Y
 
 = 5.03
 
x
 
 + 0.83
 
x
 
2
 
,
 
R
 
2
 
 = 
 
0.99, 
 
N
 
 = 159, 
 
P 
 
< 0.001).
 
Tree community, temperature and relative humidity
 
MDS ordination on Bray–Curtis dissimilarity coefficient was
conducted to analyse similarities in the tree community between
different sites. Based on the Monte Carlo randomization test
we chose a two-dimensional ordination (
 
P
 
 = 0.03). Before the
ordination, the number of tree species was related to area to
make the samples fully comparable. Furthermore, the samples
were related to the maximum to equalize large variances between
the samples. Mantel test (Mantel, 1967) was performed in
PC-ORD version 5.0. (McCune & Mefford, 1999) to test if there
was association between the tree and larval communities. We
performed a Wilcoxon singed-rank test (Wilcoxon, 1945) to test
differences in mean temperature and humidity in four different
time periods: morning (06–09 h), midday (11–14 h), afternoon
(14–17 h) and evening (18–21 h).
 
RESULTS
Larval community, herbivory, fragment area and 
distance to the continuous forest
 
We recorded 1221 individuals representing 51 species (see Appendix
S2 in Supporting Information). Singletons accounted for 22 of the
species found. Total lepidopteran species richness was estimated
as 73.5 ± 2.81 (mean ± standard deviation (SD); Jackknife 1).
The larval density and the leaf area eaten were significantly lower
in the fragments than in the continuous forest (Kruskal–Wallis
test, larval density 
 
P 
 
< 0.001, d.f. = 5, 
 
n
 
 = 60, leaf area eaten
 
P 
 
< 0.001, d.f. = 5, 
 
n
 
 = 240) as was species richness (ANOVA
 
F
 
5,60
 
 = 8.215, 
 
P 
 
< 0.001) (Table 2). Species accumulation curves
of the sampled areas did not saturate, and therefore the estimated
species richness for each study site is shown in Table 2.
Species diversity, described by Fisher’s alpha, in forest
fragments did not differ significantly from the continuous forest
Table 2 Density of larvae, leaf area eaten, observed and estimated 
species in the continuous forest (K-30) and five forest fragments. 
Density of larvae is shown per 100 m2 of leaf area. The leaf area eaten 
is a percentage of the total leaf area. We used jackknife 1 (Colwell, 
2006) to estimate species richness.
Study site
Density 
of larvae
Leaf area 
eaten (%)
Observed 
species
Estimated 
species
Mean SE Mean SE Total Mean SD
F88 14.7 3.4 3.0 0.3 18 26.3 2.3
JF 37.6 12.8 3.2 0.3 14 20.8 2.8
K2 34.4 6.4 3.5 0.2 19 28 2.4
K3 56.4 7.7 4.2 0.4 23 28 2.4
LN 24.1 2.7 3.2 0.2 21 27.8 4.8
K-30 103.5 14.1 6.1 0.5 24 30.8 3.1
SE, standard error; SD, standard deviation.
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(Kruskal–Wallis test P > 0.05, d.f. = 5, n = 60) (Table 3). However,
the dominance structure had changed in the fragments except in
JF, and the change was significant (Solow’s randomization test,
P < 0.05). The most common specimen, Geometridae sp. 1, accounted
for almost 80% of all the individuals in JF and in the continuous
forest, whereas in the other fragments its dominance varied from
33% to 67% (Table 3).
There was no correlation among any of the variables describing
the community (i.e. larval density, species richness, Fisher’s
alpha and Berger–Parker index for dominance) with fragment
area or distance to continuous forest (Pearson’s correlation,
P > 0.05 for all correlations).
Similarity
When the pooled sample of the fragments was compared to
the yearly sample of continuous forest 27 of the 65 species were
common for both samples. Whereas 18 lepidopteran species
were found only in the continuous forest, 17 species were present
only in the fragments. All the species found only in the fragments
were rare (≤ 5 individuals found in total) and mainly singletons.
A similar scenario was observed in the continuous forest except
for two species, Microlepidoptera sp. 1 (15 individuals) and
Gelechiidae sp. 10 (13 individuals). MDS analysis revealed that
the communities at fragments differed from the continuous forest
(Fig. 1), and MRPP showed that the difference was significant
(T = –2.54, P = 0.026). No difference was found between fragments
(MRPP P = 0.66). There was a positive correlation between the
insects and the tree community but it only approached significance
(Mantel test r = 0.566, P = 0.097).
Table 3 Alpha-diversity indices of the continuous forest (K-30) 
and five forest fragments. *indicates statistically significant 
difference from K-30 at P < 0.05 (Solow’s randomization test).
Study site Fisher’s alpha
Berger–Parker 
dominance
F88 4.19 0.33*
JF 2.47 0.76
K2 3.40 0.68*
K3 4.06 0.62*
LN 4.18 0.58*
K-30 3.54 0.78
Figure 1 Ordination by two-dimensional 
scaling of lepidopteran larvae on the leaves of 
Neoboutonia macrocalyx (a) and tree 
community (b) in the continuous forest 
(K-30) and five fragments. Axes are unit less 
but the first axis in (a) correlates positively 
with the density of larvae (Spearman’s rho 
r = 0.638, P < 0.001), and the second axis has 
a negative correlation with species richness 
(Spearman’s rho r = –0.620, P < 0.001). 
In figure (b) the first axis has strong negative 
correlation with tree abundance (Pearson’s 
correlation r = –0.886, P = 0.019). Points that 
are close to each other are more similar than 
points that are further apart. K-30 is marked 
by black triangles. The last number of each 
code in (a) indicates the sampling month 
(1 = July, 2 = October, 3 = January and 
4 = April).
Differences in larval community
© 2008 The Authors
Diversity and Distributions, 15, 356–365, Journal compilation © 2008 Blackwell Publishing Ltd 361
Temperature and relative humidity
Fragments had significantly lower relative humidity than the
continuous forest during mornings, afternoons and evenings
(Wilcoxon signed-rank test, P < 0.01, n = 9), and approached
significance at midday (Wilcoxon signed-rank test, P = 0.07,
n = 9) (Fig. 2). Mean relative humidity difference between the
continuous forest and the fragments was 1.4% in the morning,
2.8% at midday, 6.5% in the afternoon and 2.8% in the evening.
Mean temperature differed only slightly between continuous
forest and fragments but was significantly higher in the fragments
during afternoon (fragments 22.0 ± 0.2 °C, continuous forest
21.5 ± 0.18 °C, Wilcoxon signed-rank test, P < 0.01, n = 9) and
approached significance in the evening (Wilcoxon signed-rank
test, P = 0.07, n = 9) (Fig. 2).
DISCUSSION
We studied the impact of fragmentation on lepidopteran larvae
on N. macrocalyx tree in afro-tropical Uganda using lepidopteran
morphospecies. We found 51 species in total which is almost
double compared to the average of 26.1 ± 2.4 lepidopteran
species found on the woody plants in Papua New Guinea (Novotny
et al., 2002a). The rates of herbivory and lepidopteran species
density and richness were lower in the fragments than in the
continuous forest, but we did not find difference in species
diversity. The hypothesis that density of larvae is reduced in the
smaller and more distant fragments was not supported, as no
effect of fragment area or distance to the continuous forest on
larval community was found. Larval communities differed between
forest fragments and continuous forest, and these differences
were associated with microclimate and tree species community.
The reduced larval densities, lower levels of herbivory and
lower number of species show that Neoboutonia trees cannot
support similar communities in forest fragments as they do in
the continuous forest. Our results concur with the results
of Chapman et al. (2003), who found decreased dung-beetle
abundance and species richness in the fragments around
Kibale forest. Studies of the effects of habitat fragmentation on
lepidopteran larvae are rare in the tropics, but our findings are
similar to a previous study that showed negative impact of
fragmentation on the lepidopteran larvae on the forested islands
at Lago Gatún, Panama (Arnold & Asquith, 2002). The lower
levels of herbivory in the fragments are mainly due to the
dramatically reduced densities of Geometridae sp. 1, the most
abundant species in our study. Compared with groups such as
Noctuidae and Sphingidae, in which most of the species are
relatively large and good fliers, geometrid species have high
habitat fidelity (Holloway, 1985). Our results support Tilman’s
spatial competition hypothesis that predicts that superior
competitors in the continuous forest are poorer dispersers and
therefore, are not able to replace the better dispersing inferior
competitors in the fragments (Tilman, 1994). Although
competition has not always been considered important to the
community structure of phytophagous insects (Lawton &
Strong, 1981), it is nowadays evident that competition can
influence herbivore populations (Denno et al., 2000; Kursar
et al., 2006).
Diversity described by Fisher’s alpha did not show any
significant differences. Studies on moths have found negative
effects of fragmentation but have used species richness as a
measure of diversity (Summerville & Crist, 2003; Summerville &
Crist, 2004). Results have been inconclusive for adult butterflies
as some research has found decreased diversity (Shahabuddin &
Terborgh, 1999; Benedick et al., 2006), whereas others have not
(Shahabuddin & Terborgh, 1999; Uehara-Prado et al., 2007).
Contradiction in our results between species richness and diversity
can, at least partially, be explained by the nature of Fisher’s alpha
since this index is mainly dependant on the number of species of
intermediate abundances. Another reason is extinction debt, a
time lag between disturbance and extinction, which may mask
the extent of disturbance effect on the community (Tilman et al.,
1994). Although species number and larval density have already
decreased in the fragments, the diversity has not yet. Most of the
fragments around the Kibale have been isolated from the forest at
least since 1959 (Onderdonk & Chapman, 2000), but because of
the time lag extinctions may not be noticeable yet in their full
extent.
Figure 2 Temperature and humidity (mean ± standard error) in 
five forest fragments and continuous forest at four different times of 
a day: Morning 6–9 h, midday 11–14 h, afternoon 14–17 h and 
evening 18–21 h. 
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None of the variables describing the community (i.e. larval
density and species richness, Fisher’s alpha, and Berger–Parker
index for dominance) correlated with the fragment area. Adult
moths have been shown to be insensitive to the size of a fragment
(Summerville & Crist, 2004) but also the opposite has been
noticed (Daily & Ehrlich, 1996; Summerville & Crist, 2003;
Summerville & Crist, 2004). It is possible that all of our
fragments, and our fragments ranged from 0.93 to 16.90 ha, were
too small to differentiate the area effect, but this is unlikely. The
study by Arnold & Asquith (2002) detected differences in the
amount of leaf area eaten by lepidopteran larvae between small
(< 1 ha) and medium size (7–17 ha) fragments. More likely the
reason for the lack of area effect in our study is that the past and
present disturbances override the area effect. In general, geometrid
moths respond negatively to disturbance (Kitching et al., 2000).
In our study the impact of disturbance was seen in the dominance
structure of the communities that differed between the four
fragments and the continuous forest. Although the fragments
around Kibale National Park are remnants of the continuous
forest, they have been subject to disturbances, such as firewood
collection. One of the fragments, JF, has been spared from this
type of activity and thus, its dominance structure resembled that
of the continuous forest.
The species composition within communities differed
between the forest fragments and the continuous forest. We
found 17 species that were present only in the fragments. These
are probably fragment specialists that have adapted to altered
habitat conditions over time. Furthermore, we found 18 species
that were present only in the continuous forest. All of the species
that were absent from the fragments, except two, Microlepidoptera
sp. 1 and Gelechiidae sp. 10, were rare species. Microlepidoptera
sp. 1 seems to be very seasonal in Kibale as 14 of 15 individuals
were found in June and thus, it may have been absent from the
fragments due to its short time of occurrence. In regard to other
rare species, their absence clearly coincides with the general
wisdom that not all forest species will be able to persist in
the small fragments either due to lack of suitable host species,
altered microclimate or limited colonization ability (Laurance &
Bierregaard, 1997).
We attribute the differences in the community composition to
differences in the microclimate and botanical composition
between the continuous forest and the forest fragments. Micro-
climate has been shown to have an effect on insect communities
(e.g. Didham, 1997; Didham & Lawton, 1999). Changes in it can
lead to the establishment of new plant species and facilitate
movement of previously absent species to the fragments (Ries
et al., 2004). The microclimate of fragments was hotter and had
lower humidity than that of the continuous forest. Although
increased temperature can be beneficial for the growth of larvae,
it can also inhibit development and cause mortality (e.g. Mariath,
1984; Petersen et al., 2000; Frid & Myers, 2002). Lower humidity
rates combined with high temperatures can lead to the desiccation
of the small bodied larvae because of their unfavourable volume–
surface area ratio (see Reavey, 1993). We measured the temperature
and humidity inside the lower part of the canopy and thus, the
variation is probably larger and conditions are harsher in the
outer part of the canopy than our results suggest. The small area
of fragments means also greater edge density. Therefore, the
microclimate can be more extreme there than in the continuous
forest. Therefore, some of the species may not survive or exist in
lower densities in the fragments.
We also found a positive correlation between insects and tree
communities. Herbivorous insects depend on their food
resources, and as our results indicate, differences in these
resources can lead to differences in the herbivore communities.
Summerville & Crist (2004) did not find relationship between
tree diversity and diversity of adult moths, whose larvae feed on
trees, in temperate region although generally moths are thought
to be associated with plant communities (Beck et al., 2002;
Summerville & Crist, 2003; Summerville & Crist, 2004, but see
Axmacher et al., 2004). In the tropics most lepidopteran larvae
are specialized on plant genera and family rather than species
(Novotny et al., 2002a,b), and herbivore communities have been
shown to reflect plant taxonomic composition (LepÍ et al., 2001).
Our results support the importance of tree diversity to herbivores
and agree with the earlier findings that for species richness of
herbivores plant diversity may be more important than the size
of habitat (Ricklefs & Lovette, 1999; LepÍ et al., 2001).
To conclude, our results show that forest fragments cannot
act as substitutes of continuous forest for lepidopteran larvae.
Decreased larval density and species richness as well as differences
in the community composition and structure all highlight the
importance of large continuous forest areas for maintaining
larval biodiversity. Our results also stress the importance to
examine multiple factors to interpret the effects of fragmentation
on ecological communities.
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Appendix S1. Tree species recorded in five forest fragments and a continuous forest (K30). The 
abundances are individuals per hectare. 
 
Tree species Family JF F88 K2 K3 LN K30 
Albizia sp.1 Fabaceae 0 16 8 12 31 0 
Albizia sp.2 Fabaceae 47 0 0 0 0 0 
Aningeria altissima Sapotaceae 0 0 0 0 0 3 
Antiaris toxicaria Moraceae 0 9 2 0 0 0 
Aphania senegalensis Sapindaceae 0 23 0 0 0 5 
Bersama abyssinica Melianthaceae 7 12 0 0 0 6 
Blighia unijugata Sapindaceae 2 23 1 0 4 0 
Bosqueia phoberos Moraceae 0 1 0 0 0 48 
Bridelia micrantha Euphorbiaceae 28 32 1 13 0 0 
Celtis africana Ulmaceae 0 10 0 2 1 0 
Celtis durandii Ulmaceae 0 0 2 0 0 8 
Chrysophyllum albidum Sapotaceae 0 0 0 0 0 7 
Clausena anisata Rutaceae 0 30 0 0 4 0 
Cola gigantea Sterculiaceae 0 13 0 0 0 0 
Conophryngia holstii Apocynaceae 0 0 0 0 0 13 
Cordia sp.1 Boraginaceae 0 8 1 0 0 0 
Croton macroctachys Euphorbiaceae 23 8 30 6 2 2 
Dasylepsis eggelingii Flacourtiaceae 0 0 0 0 0 31 
Diospyros abyssinica Ebenaceae 0 19 0 0 0 0 
Dombeya sp.1 Sterculiaceae 0 16 0 0 4 1 
Dovyalis macrocalyx Flacourtiaceae 0 5 0 0 0 0 
Erythrina excelsa Fabaceae 10 14 7 12 4 0 
Fagara angolensis Rutaceae 1 0 1 20 0 1 
Ficus sansibarica (formerly 
brachylepis) Moraceae 0 0 1 0 0 1 
Ficus sur (formerly capensis) Moraceae 0 2 0 0 0 0 
Ficus dawei Moraceae 0 13 0 0 0 0 
Ficus exasperata Moraceae 0 0 0 0 0 3 
Ficus sp.1 Moraceae 1 0 0 0 0 0 
Ficus sp.2 Moraceae 0 0 0 0 2 3 
Ficus sp.3 Moraceae 37 52 0 0 0 0 
Ficus sp.4 Moraceae 0 60 0 0 0 0 
Funtumia latifolia Apocynaceae 5 39 2 0 0 18 
Kigelia africana Bignoniaceae 0 0 0 0 1 0 
Kigelia moosa Bignoniaceae 0 23 0 4 0 1 
Linociera johnsonii Oleaceae 0 0 0 0 1 0 
Macaranga schweinfurthi Euphorbiaceae 24 0 20 73 0 8 
Maesa lanceolata Maesaceae 47 0 10 80 3 0 
Mangifera indica Anacardiaceae 0 1 0 0 0 0 
Markhamia platycalyx Bignoniaceae 2 46 0 0 2 2 
Millettia dura Fabaceae 0 8 0 0 0 0 
Mimusops bagshawei Sapotaceae 0 15 0 0 0 0 
Mitragyna rubrostipulata Rubiaceae 0 0 7 3 0 0 
Monodora myristica Annonaceae 0 40 0 0 4 6 
Myrianthus sp.1 Moraceae 0 0 0 0 0 1 
Neoboutonia macrocalyx Euphorbiaceae 45 40 58 48 4 8 
Newtonia buchananii Fabaceae 8 9 0 2 0 15 
Olea welwitschii Oleaceae 0 4 0 0 0 0 
Pancovia turbinata Sapindaceae 0 1 0 0 0 3 
Parinari excelsa  Rosaceae 0 0 0 12 0 2 
Persea americana Lauraceae 1 0 0 0 2 0 
Polyscias fulva Araliaceae 1 17 0 0 2 0 
Premna angolensis Verbenaceae 0 17 0 0 0 1 
Prunus africana Rosaceae 24 30 3 7 3 0 
Pseudospondias microcarpa Anacardiaceae 0 85 0 0 6 3 
Psidium guavaja Myrtaceae 0 0 0 0 1 0 
Rothmannia urcelliformis Rubiaceae 0 7 0 0 0 0 
Sapium ellipticum Euphorbiaceae 49 47 6 13 0 0 
Spathodea campanulata Bignoniaceae 1 17 0 0 1 0 
Strombosia scheffleri Olacaceae 0 0 0 0 0 14 
Symphonia globulifera Clusiaceae 0 0 1 3 0 3 
Teclea nobilis Rutaceae 0 0 0 0 5 4 
Unknown sp.1  1 1 2 0 0 0 
Unknown sp.2  0 6 0 0 0 0 
Uvariopsis congensis Annonaceae 0 60 0 0 0 0 
Warburgia ugandensis Canellaceae 1 0 0 0 0 0 
Vernonia arborea Asteraceae 0 38 0 0 0 0 
Vernonia conferta Asteraceae 0 1 0 0 0 0 
Vernonia sp.1 Asteraceae 85 0 9 0 2 0 
Xymalos monospora Monimiaceae 45 0 5 0 0 0 
 
 
Appendix S2. Lepidopteran families recorded from the leaves of Neoboutonia macrocalyx tree. 
 
Family Individuals Species 
Gelechiidae 54 9 
Geometridae 989 23 
Lymantriidae 33 4 
Noctuidae 33 6 
Nolidae 59 4 
Oecophoridae 49 1 
Unknown 4 4 
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Abstract 
 
We studied variation in the assemblage of lepidopteran larvae between individual trees, and temporal 
variation in the diversity and species composition of the assemblage in a medium altitude rainforest in 
Kibale National Park, Uganda. Monthly samples of lepidopteran larvae were collected from the leaves 
of Neoboutonia macrocalyx Pax. between January 1995 and December 1996. During this period a total 
of 1961 specimens representing 76 Lepidopteran morphospecies were found. The numbers of 
individuals within species varied enormously ranging from 1 to 707 individuals. Assemblages of 
individual trees were highly similar and dominated by geometrid larvae. Temporal variation in the 
herbivore abundance was high. The number of individuals peaked during the major rainy season in 
1995 but not in 1996 and did not correlate significantly with rainfall within these two years. In contrast, 
a negative correlation was found between Lepidopteran diversity and rainfall that seems to cause a 
semi-annual trend in diversity with one or two peaks per year. Furthermore, there was seasonality in the 
similarity of the assemblage. Consequently, the same species were found in the assemblage during 
certain times of the year. Our study shows that short-term biodiversity assessments can give a skewed 
picture of the diversity of tropical forests.  
 
Keywords: Diversity, herbivory, insects, resource availability, seasonality, species richness
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1 Introduction 
 
Insect seasonality due to temperature changes is 
a well known phenomenon for the temperate 
zone (Wolda 1988). Similarly, seasonality of 
insects can be as pronounced in the tropics as in 
the temperate regions but the pattern is more 
complex and not so well understood (Didham 
& Springate 2003). The timing and duration of 
activity period of developmental stages depends 
on the life history characteristics of species 
(Wolda 1988), and different abiotic or biotic 
cues are used by herbivore species to determine 
the optimal time for development (Didham & 
Springate 2003). Abiotic factors, like 
temperature, humidity, and photoperiod 
describe only a portion of tropical seasonality, 
and in wet tropical forests, where the leaf 
production is more or less continuous, none of 
them are limiting in the way they are in the 
temperate region, where winter forces a halt on 
insect development (Denlinger 1986, Wolda 
1988). Most likely biotic factors drive much of 
the insect seasonality in the tropics (Didham & 
Springate 2003); for example, defensive 
characteristics of plants have been shown to 
govern herbivory in tropical forests (Coley 
1983). These characteristics in turn are 
probably seasonal, like in the temperate forests 
(see e.g. Feeny 1970).   
Diversity of natural communities can be 
partitioned to three levels (Lande 1996). 
According to Whitaker (1960) γ-diversity 
describes the total species diversity for a set of 
communities i.e. the regional diversity, α-
diversity is the diversity within a community 
and β-diversity describes the diversity between 
communities or along an environmental or 
temporal gradient.  
Differences among species in the pattern of 
temporal variation could have important 
implications for assessing biodiversity (Hamer 
et al. 2005). However, effects of temporal 
factors on species diversity have seldom been 
addressed directly, and community wide long-
term surveys of herbivorous insects are rare 
(DeVries et al. 1999). Instead, short-term rapid 
surveys have become common due to practical 
and financial constraints (e. g. Jones & 
Eggleton 2000; Kitching et al. 2001). In 
community-wide studies the diversity has both 
fluctuated and been stable (e. g. DeVries et al. 
1999, Hamer et al. 2005, Schulze & Fiedler 
2003). Few studies have addressed temporal 
variation in the community composition (e.g. 
DeVries et al. 1997, DeVries et al. 1999, 
Hamer et al. 2005, Schulze & Fiedler 2003), 
and although variation has been found, the 
contributory factors have not been addressed. 
Most of the information on assemblages of 
herbivorous insects in the tropics has been 
obtained by fogging or other mass collecting 
methods, which are not effective in collecting 
larval herbivores, and therefore, have created 
bias towards the study of adults (Novotny et al. 
2002). The biology of earlier developmental 
stages is probably the key determinant of 
species’ distribution in many herbivore 
assemblages (Basset & Samuelson 1996).  
In this study we focus on the lepidopteran 
larvae found on the leaves of Neoboutonia 
macrocalyx Pax. (Euphorbiaceae). The study 
addresses variation in the assemblage of 
lepidopteran larvae between individual trees, 
and temporal variation in the diversity and 
species composition of the assemblage in a 
medium altitude rainforest in Western Uganda. 
The following specific questions are addressed: 
1) Do species richness or densities of 
individuals show temporal variation and do 
they correlate with rainfall pattern?  2) How 
variable is the community over time with regard 
to intrinsic diversity (α-diversity)? And finally, 
3) How variable is the species composition over 
time (temporal β-diversity)? 
 
2 Material and methods 
 
2.1 Study site 
 
The study was conducted in a medium altitude 
tropical forest in Kibale National Park (KNP) in 
Western Uganda. The Kibale National Park lies 
just north of the equator (0º13´ to 0º41´N and 
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30º19´ to 30º32´E), and covers an area of 766 
km² (Struhsaker, 1998). The study was 
conducted in compartment K-14 where the 
forest was moderately logged in 1969 with a 
basal area reduction of 25-27.4 percent. The 
compartment varies in disturbance, and the 
study area covered 10 hectares of the most 
heavily logged part of the compartment at an 
elevation of ca. 1500m above sea level. 
Temperature stays relatively constant 
throughout the year, the mean maximum and 
the mean minimum during 1990 to 1996 being 
23.7ºC and 15.5ºC respectively (Chapman et al. 
1999a). The area has a biseasonal climate with 
two rainy seasons each year, and a mean annual 
rainfall during 1990-1996 was 1700mm. In this 
study, dry season is defined as a period in 
which the amount of rainfall in comparison 
with other periods is notably lower. The major 
rainy season with heavier rainfall is from 
September to November and the minor from 
March to May. However, extreme monthly and 
annual variations in rainfall are common in 
KNP (Struhsaker 1998). 
 
2.2 Study tree 
 
Neoboutonia macrocalyx Pax. (Euphor-
biaceae), hereafter referred to by its generic 
name, is a pioneer tree species which grows in 
the light gaps of medium altitude tropical 
rainforests (Chapman et al. 1999b). The growth 
of Neoboutonia is not limited to primary 
forests; it is present in partially logged and 
secondary forests (Kasenene & Roininen 1999) 
and in open areas associated with swamps and 
valley bottoms (Chapman et al. 1999b).   
Neoboutonia trees are 10-20 m tall with a 
canopy width of 7-12 m (Hamilton, 1991). The 
production of new leaves occurs throughout the 
year (Authors’ unpubl. data). The abscission 
occurs from the base of shoot, and thus the 
abscised leaves are the oldest on a shoot. 
Branching is dichotomous with 6 to 13 leaves 
in each shoot. Based on an earlier study in 
Kibale forest (Roininen & Kasenene 
unpublished data), it seems that herbivory 
pattern on Neoboutonia is caused by relatively 
random visits of a highly mobile free-feeding 
guild.  
 
2.3 Insect collecting and processing 
 
The samples were collected during the day once 
a month on the 15th (± 2 days) between January 
1995 and December 1996, except in January 
1996. From ten randomly situated trees at 
minimum 100 meters apart two random tips of 
branches from middle canopy were cut using 
tree pruners. Each cut branch had 6-13 leaves 
with an overall sample mean 8.9. The cut 
branches were dropped onto a large sheet (16 
m2) underneath the tree. Most of the larvae 
remained attached to the leaves: for every 600 
individuals collected we found only one larva 
from the sampling sheet. Larvae were collected 
separately from all of the leaves and branches 
and stored in formalin-filled tubes. Only larvae 
observed feeding on the leaf surface were 
collected. Samples were sorted and defined to 
morphospecies, hereafter termed as species. 
The use of morphospecies has been criticized 
because of the error it introduces (Krell 2004). 
We agree that determining species only to the 
morphospecies level can be erroneous and 
hence have taken precautions against the 
common mistakes, e.g. sorting different larval 
instars as different species, by rearing the 
larvae. Thus, we are confident that our data 
represents the true community even though the 
actual species are not yet recognised.  
 
2.4 Statistical Methods 
 
2.4.1 Species accumulation curve 
 
A species accumulation curve was created 
according to Colwell & Coddington (1994) 
using Diversity and Richness Version 4 (Seaby 
& Henderson 2006) to evaluate how completely 
the whole community was sampled. Sample 
order was randomized 100 times to eliminate 
variation in the curve shape due to 
accumulation order which arises from sampling 
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error, and from real heterogeneity among the 
units sampled.   
 
2.4.2 Diversity within community 
 
The temporal variation in species richness was 
described by the number of Lepidopteran 
species collected in each month over the study 
period. Since the amount of leaves differed 
significantly between the samples (Student’s t-
test; t = 75.3, P < 0.01) the results are presented 
as species or individuals per leaf. The numbers 
of species can be unsuitable for comparisons 
(see Schulze & Fiedler 2003). Therefore, 
measures of alpha-diversity that control for 
sampling effort were used. Alpha-diversity was 
described by Shannon-Wiener index (H’), and 
the α-parameter of log-series distribution 
(Fisher et al. 1943).  
Shannon-Wiener index for diversity is 
widely used and thus, makes comparison with 
other studies easier (Mody et al. 2003). 
Therefore, we chose it despite the difficulties 
associated with its interpretation (May 1975). 
The index for diversity was calculated for 
individual trees as well as for each month to 
allow intermonthly comparisons. Simple 
randomization tests were used to test for 
significant differences between individual trees 
and between months (Solow 1993). 
Fisher’s log-series predicts that the 
proportion of rare species is large (Fisher et al. 
1943). The α-parameter (Fisher’s alpha 
hereafter) is frequently used in studies of 
tropical communities (e. g. Brehm & Fiedler 
1999, Intachat et al. 2001, Mody et al. 2003, 
Schulze & Fiedler 2003). Compared to the 
other measures of diversity, Fisher’s alpha is 
less sensitive to variation in sample size, and it 
is not overly influenced by the rarest species or 
the dominance of abundant species (Kempton 
& Taylor 1974). ). These alpha diversity indices 
were calculated using Species Diversity and 
Richness Version 4 (Seaby & Henderson 2006). 
 
2.4.3 Species composition over time and 
between assemblages  
 
To evaluate temporal β-diversity an ordination 
of all samples using non-metric 
multidimensional scaling (NMS) on Bray-
Curtis dissimilarity coefficient was conducted 
with PC-ORD version 5.0 (McCune & Mefford 
1999). NMS ordination was chosen because it 
is particularly suitable for nonnormal or 
discontinuous data (Minchin 1987). It is 
independent of linearity assumptions and does 
not require transformation of data. Monte Carlo 
randomization test was used to determine the 
optimal number of dimensions which in our 
study was two (P = 0.036). Furthermore, multi-
response permutation procedure (MRPP) was 
used to determine significant differences 
between groups when different grouping 
variables were used. Grouping variables were 
year, two seasons (rain or dry) and detailed 
seasons, which divided the data into four 
different categories: minor rain (March-May), 
major rain (September-November) and two dry 
seasons (June-August and December-February). 
The MRPP test returns a test statistic T that 
describes the separation between groups (the 
more negative T is, the stronger the separation). 
To analyse similarities between different 
trees Chao's estimator for Chao's Jaccard 
Abundance-based similarity index was 
calculated with EstimateS (Chao et al. 2005, 
Colwell 2006). This index is corrected for 
unseen shared species in samples, and thus 
increases accuracy when samples have 
numerous rare species, and when it can be 
assumed that samples are not complete 
representations of the community as often is the 
case with diverse assemblages with many rare 
species (Chao et al. 2005). 
 
2.4.4 Correlation with rainfall 
 
Cross correlation analysis was performed to 
determine if rainfall correlates with the richness 
and density of Lepidopteran species, and the 
diversity of the assemblage. Cross correlation 
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Figure 1. Species accumulation curve averaged over 100 randomizations of 23 samples collected 
monthly for two years from Neoboutonia macrocalyx in Kibale National Park, Uganda. The total 
number of Lepidopteran larvae was 1961. 
 
was performed with up to four months time lag, 
since the study by Nummelin (1989) has 
revealed a positive correlation between insect 
abundance in sweep-net samples and rainfall 
with a time lag of one to three months. Rainfall 
data was supplied by Chapman et al. (2005) 
and analyzed with SPSS for Windows version 
14.0 (2005).  
 
3 Results 
3.1 Lepidopteran larvae on the leaves of 
Neoboutonia macrocalyx 
 
Ten trees were sampled monthly for two years 
during 1995 and 1996 (230 trees in total). 
During this time a total of 1961 insect 
specimens representing 76 Lepidoptera species 
were collected. Abundance of different species 
varied enormously ranging from 1 to 707 
individuals. Of all the species, 30 percent were 
represented only by a single individual. Five or 
more individuals were found in 25 species. 
Geometrid larvae were most abundant (77 
percent of all the larvae sampled) of which 
Geometridae sp. 1 was the most common (68 
percent of all individuals). The species 
accumulation curve shows that saturation was 
not reached during the sampling period (Fig. 1).  
 The diversity of larvae (Shannon-Wiener 
index) among the individual trees varied 
between 1.37 and 2.07 (Table 1). Tree number 
three was significantly more diverse than the 
other trees (Solow’s randomisation test, P < 
0.05) because individual densities among the 
species did not differ as much as among the 
species found in other trees (data not shown). 
Further, the similarity between the trees was 
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Figure 2. Temporal variation in Lepidoptera species richness and density on the leaves of 
Neoboutonia macrocalyx in Kibale NP, Uganda. Black circles represent the number of 
individuals per leaf, and open circles represent the number of species per leaf. 
 
high: Chao's estimator for Chao's Jaccard 
Abundance-based similarity index varied 
between 0.81 and 0.88.  
 
Table 1. Estimators of Lepidopteran 
species richness for individual trees. * 
indicates statistically significant dif-
ference at p<0.05 (Solow’s randomisation 
test). 
 
Sample No. of 
species 
observed 
Shannon-
Wiener 
index (H') 
Variance 
H' 
Tree 1 28 1.58 0.005 
Tree 2 30 1.81 0.006 
Tree 3 29    2.07 * 0.004 
Tree 4 23 1.58 0.005 
Tree 5 25 1.75 0.007 
Tree 6 27 1.44 0.006 
Tree 7 27 1.49 0.005 
Tree 8 23 1.37 0.005 
Tree 9 30 1.42 0.006 
Tree 10 24 1.48 0.005 
 
3.2 Temporal variation  
 
There were marked variations in the species 
density and richness (Fig. 2). In 1995, the 
number of individuals peaked during the main 
rainy season but started to decrease after 
October and stayed low until December 1996. 
Temporal patterns in Lepidopteran species 
richness during 1995 and 1996 were similar. 
Species richness was low during the major 
rainy season, increased after March in both 
years, and stayed high during the dry months, 
although in 1996 only until July. Correlation 
between the number of species and individuals 
was not significant (Pearson’s correlation, P > 
0.05). 
 The diversity of Lepidopteran assemblage 
(α-diversity) varied markedly between months 
within a year, but the annual pattern was similar 
during 1995 and 1996 (Fig. 3). The Shannon-
Wiener index varied from 0.29 to 2.72 and the 
variation was significant (Solow’s 
randomisation test, P < 0.05). Further, the 
  8
  
Figure 3. Diversity of Lepidopteran assemblage on Neoboutonia macrocalyx in Kibale NP, 
Uganda during 1995 and 1996. Black circles represents Shannon-Wiener index for diversity, 
open circles represent Fisher's alpha. 
 
variation had a clear pattern: After the heavier 
rains diversity was at its lowest (in months 
January, December 1995, and February 1996), 
and thereafter increased towards the other dry 
season (June-August). Fisher’s alpha showed 
congruent variation with the Shannon-Wiener 
index in the diversity of assemblage over the 
study period. The values of alpha varied from 
0.70 to 5.02.  
 There was negative correlation between 
rainfall and diversity expressed as Shannon-
Wiener index with two and three months lag 
(Pearson’s correlations:  r2 = -0.38, P < 0.05; r3 
= -0.42, P < 0.05). Rainfall did not correlate 
with the number of species or individuals 
(Pearson’s correlations, P > 0.05 for both 
cases). 
 
3.3 Temporal similarity  
 
The study years were clearly separated in the 
NMS analysis, and this difference was 
significant (T = -2.31, P < 0.05) (Fig. 4). The 
assemblages did not differ when they were 
grouped only according to rainy or dry season 
but when the year was divided into four 
different categories (two separate wet and dry 
seasons) the assemblages were significantly 
different (T = -4.34, P < 0.001). 
 
4 Discussion 
 
4.1 Species assemblage 
 
We studied diversity and abundance patterns of 
Lepidoptera larvae on one species of tree in 
afro-tropical Uganda using morphospecies. The 
dominance of Geometridae sp. 1 was high as 
was the number of singletons in the assemblage 
of lepidopteran larvae. Similarly Novotny et al. 
(2002) found that assemblages were strongly 
dominated by a single or few species when they 
investigated assemblages of caterpillars 
(Lepidoptera) feeding on 69 species of woody 
plants in lowland rainforest in Papua New 
Guinea. In our study the dominance seems to 
relate to specialism as the most common 
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Figure 4. Ordination by two-dimensional 
scaling of Lepidopteran larvae on the 
leaves of Neoboutonia macrocalyx in 
Kibale NP, Uganda during 1995 and 
1996. Black triangles denote the year 
1995 and open triangles 1996. 
 
specimen, Geometridae sp.1 is a specialist 
(Author’s unpubl. data) which geometrids 
usually are (Holloway 1994, 1996, 1997, 
Intachact et al. 2001). Thus, geometrid species 
have high habitat fidelity compared with groups 
such as Noctuidae and Sphingidae, in which 
most of the species are relatively large and 
good fliers (Holloway 1985). Singletons 
represented 30 percent of all the species found, 
which is also consistent with the results of other 
studies (e.g. Novotny et al. 2002, Schulze & 
Fiedler 2003). Usually, their high rate is 
associated with incompletely sampled 
communities (Novotny & Basset 2000), which 
seems to be the case in our study as the overall 
species accumulation (Fig.1) curve suggests. 
However, species represented only by a single 
individual may also be “tourist species” from 
adjacent sites and have no functional role in the 
community. Further, species may appear to be 
rare because the plant in question is a marginal 
host plant for them or they are using several 
host plants, but are rare on each of them. 
There was high similarity between the trees 
except for one tree which had more evenly 
distributed larval community than the other 
trees. Hence, it appears that Neoboutonia has 
relatively predictable lepidopteran fauna with 
occasional visitors. Our findings are contrary to 
several other studies on coleopterans (e.g.  
Simon & Linsenmair 2001, Mody et al. 2003), 
in which there was high variation in the 
assemblages between different conspecific 
trees. The predictability of the assemblages we 
found may be linked to the disturbance history 
of the study site. Floren and Linsenmair (2003) 
have shown that beetle assemblages were 
similar in the 5-year old forest, and then 
became more and more unpredictable during 
forest succession. In their study the beetle 
assemblages were clearly more similar than 
those of primary forest even 40 years after the 
disturbance. Although logging in our study area 
was done almost 30 years ago its imprints are 
still evident in the area. This is due to a slow or 
even arrested succession in the heavily logged 
areas of Kibale forest (Chapman & Chapman 
1997).             
 
4.2 Temporal dynamics of the herbivore 
assemblage 
 
As expected, fluctuations in the abundance of 
folivorous lepidopteran larvae were evident in 
this study. It is established that insect 
herbivores are most numerous when their 
resources are most available; thus insect 
herbivory is usually synchronized with wet 
seasons (e.g. Didham & Springate 2003, Wolda 
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1988). This study shows that in 1995 the 
number of leaf feeders was highest during the 
major rainy season (September to November), 
although Neoboutonia produces new leaves 
throughout a year (Kasenene & Roininen 
1999). However, in 1996 the peak in the 
abundance of Lepidoptera larvae seems to have 
been delayed since the amount of leaf feeders 
increased only after November.  
The number of larvae did not correlate with 
rainfall, contrary to the general assumption that 
rainfall and the abundance of herbivores is 
strongly correlated (Didham & Springate 2003). 
However, the abundances of larvae seem to 
have a seasonal trend although it seems to vary 
between the years. Molleman et al. (2006) also 
found a variation which did not follow seasonal 
patterns in species richness and abundance of 
fruit-feeding nymphalids in Kibale. Both results 
are in line with Struhsaker’s (1998) observation 
that large variations in monthly and annual 
rainfall in Kibale prevent the development of 
strongly seasonal biological phenomena. One 
reason why the variation in larval abundance 
may be independent of rainfall is a continuous 
leaf production. Besides Neoboutonia, the 
continuous leaf production has been observed 
during dry seasons on other tree species present 
in Kibale (Struhsaker 1998). The leaves of 
Neoboutonia produced during the dry season 
had much less herbivory than leaves produced 
in the wet season (Kasenene & Roininen 1999). 
Thus, growing outside of the rainy season when 
herbivores are most abundant is a possible 
adaptation for enemy-free space (Aide 1992, 
Holt & Lawton 1994).  
The diversity within the assemblage (α-
diversity) seems to have a semi-annual pattern 
with significant variation in the diversity. 
Results by other authors have been 
contradictory: Some have shown variation in 
the diversity between seasons (e.g. DeVries et 
al. 1997, DeVries et al. 1999, Intachat et al. 
2001, Hamer et al. 2005) whereas others have 
not (e.g. Tanaka & Tanaka 1982, Barrios 2003, 
Hamer et al. 2005). We attribute at least part of 
the variation in diversity to rainfall which had a 
negative linkage to the species diversity here. 
Though rainfall did not influence the 
assemblage directly through increased 
abundances, it did have an effect to the 
structure of the assemblage. We hypothesise 
that an increased competition for leaf resources 
during wet seasons may have caused a 
directional selection for the feeding period 
before or after the general abundance peak.  
The semi-annual pattern of α-diversity is 
reflected in the community similarity between 
months and years (i.e. temporal β-diversity). It 
seems that there are core species in the 
assemblage which are present during certain 
months from year to year but the herbivore 
fauna varies also significantly between years. 
Although division into rain and dry season did 
not show any significant difference, it is 
plausible in the light of our alpha diversity 
results that rainfall has at least some influence 
to the assemblage. However, it seems that other 
factors are stronger than rainfall in shaping the 
assemblages. Contrary to the patterns observed 
here, neither Schulze and Fiedler (2003) in 
Borneo nor Intachat & Holloway (2000) in 
Malaysia found any temporal patterns in the 
diversity of Lepidopterans. 
 
5 Conclusions 
 
We found that Neoboutonia macrocalyx hosts 
relatively predictable Lepidopteran larvae 
community. Significant temporal variation 
exists within the community as well as in 
community similarity between months and 
years. The variation is irregular and mostly 
independent of rainfall although some of the 
variation in diversity is linked to rainfall. Other 
factors behind the variation remain still 
unknown. Although our results were obtained 
from a disturbed forest, and might not be valid 
per se to a primary forest they do highlight that 
timing can play important role in biodiversity 
inventories. Thus not only should sampling 
methods and adequate sampling size be 
considered but also the timing of an inventory. 
Based on our results it seems essential to carry 
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out inventories during different seasons when 
seasonal variation exists.  
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Abstract 
 
Many of the protected forest areas in Uganda have been subject to logging in the past. It is known 
that logging changes communities, but how long these changes last is unclear. Most of the studies 
on butterflies and moths have looked at the effects of logging relatively shortly (<15 years) after the 
logging took place. In this study we investigated community of herbivorous lepidopteran larvae and 
its temporal dynamics in a natural forest and three differently managed forest compartments after 40 
years of regeneration. We collected samples of larvae from the leaves of Neoboutonia macrocalyx 
Pax. between April 2006 and March 2008 in Kibale National Park, Western Uganda. Herbivory, 
density of larvae, and species richness were significantly lower in the logged compartments than in 
the natural forest. Furthermore, the community composition differed significantly between the 
logged compartments and the natural forest. There was seasonal variation in larval density, species 
richness and diversity. In species richness and diversity the variation was synchronous in all the 
study areas, but larval density did not vary synchronously across the compartments, probably due to 
the impact of logging on the environment. We also observed changes in the community 
composition during different seasons in all the study areas. We attribute the long term impact of 
logging to the hindered regeneration of logged compartments and recommend restoration activities 
to help to return the logged areas closer to the natural state.      
 
Keywords: Anthropogenic disturbance, diversity, East Africa, Kibale, Lepidoptera, seasonality 
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1 Introduction
 
Forest areas in Uganda have been subject to 
anthropogenic disturbance at least since 
middle Holocene (Taylor et al. 1999) and 
many of the protected forests have 
experienced logging in the past. At worst, 
logging can destroy habitats completely but 
even moderate harvesting can degrade 
habitats, disrupt movements of animals, 
change interactions between organisms, and 
increase access to the forests, which may lead 
to increased hunting or land conversion 
(Fimbel et al. 2001).   
 In the light of earlier studies, there is a 
strong indication of a short-term negative 
impact of logging on species richness and 
diversity of lepidopterans but the picture is far 
from clear. In general, moths seem to respond 
negatively to disturbance (Kitching et al. 
2000) but the results are somewhat 
contradictory. Brehm and Fiedler (1999) 
found that diversity was lower in disturbed 
sites than in the primary forest in the Andean 
montane rainforest in Ecuador. Beck et al. 
(2002) also concluded that the primary forest 
was more diverse compared to the secondary 
forest or agricultural areas. However, 
Axmacher et al. (2004) reported decrease in 
moth diversity from early to late successional 
stages in Mt. Kilimanjaro, Tanzania. Several 
studies on butterflies have reported 
contradictory effects of logging: At a finer 
spatial scale species richness and abundance 
of butterflies tend to increase after a 
disturbance, whereas at a coarser scale the 
response is either opposite or there is no 
significant change (Hamer and Hill 2000, Hill 
and Hamer 2004). However, sampling effort 
has not always been controlled, which makes 
comparison of the results difficult (Koh 
2007). Furthermore, seasonal variation in 
communities has only seldom been taken into 
account although variation in diversity of 
butterflies exists in temporal scale (De Vries 
et al. 1997, Intachat et al. 2001, Hamer et al. 
2005).  
 Usually, logging leads to changes in 
lepidopteran communities (Beck et al. 2002, 
Axmacher et al. 2004) but because most of 
the studies in lepidopterans have taken place 
relatively shortly after logging (< 15 years), it 
is not known how long lasting these changes 
are. Studies on other organisms have shown 
lasting imprints of logging: Tree communities 
have been shown to differ even a century after 
the logging took place (Brown and Gurevitch 
2004), and herbivorous beetle communities 
have exhibited differences between logged 
and unlogged areas after 40 years (Floren and 
Linsenmair 2003). 
 In this paper we examine the effects of 
logging on lepidopteran larvae after 40 years 
of regeneration. We concentrate on 
lepidopteran larvae because the biology of 
earlier developmental stages is probably the 
key determinant of species’ distribution in 
many herbivore assemblages (Basset and 
Samuelson 1996) but due to sampling 
methods most studies on lepidopterans have 
investigated adults. We compare herbivory, 
larval density, and species diversity between 
natural forest and logged compartments. We 
address seasonal variation in these variables 
and examine the impact of logging on 
seasonal variation. Furthermore, we examine 
differences and seasonal variation in the 
community composition. 
 
2 Methods 
2.1 Study area 
 
The study was conducted in Kibale National 
Park (766km2), which is located in Western 
Uganda approximately 25 km east of the 
Ruwenzori Mountains (0º13´ to 0º41´N and 
30º19´ to 30º32´E). The park is a moist 
transitional forest between lowland tropical 
rain forest and montane forest (Skorupa 
1988). It contains a wide variety of habitats 
including mature forest, secondary forest, 
grassland, swamp, and woodland thicket. 
About 60 per cent of the park is mature forest 
with 25-30 m canopy (Wing and Bush 1970). 
Temperature stays relatively constant 
throughout year, the mean maximum and the 
mean minimum during 1990 to 2001 being 
20.2 ºC and 14.9 ºC respectively (Chapman et 
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al. 2005). The area has a biseasonal climate 
with two rainy seasons each year, and the 
mean annual rainfall during 1990-2001 was 
1749 mm. 
 The study was conducted in four 
adjoining forest compartments at an elevation 
of ca. 1500m above sea level. Compartment 
K30 covers 300 ha of natural forest and has 
been classified as Parinari forest (Osmatson 
1959) determined by the presence of Parinari 
excelsa Sab. (Chrysobalanaceae) and 
subdominants (Aningeria altissima (A. Chev.) 
Aubrév. & Pellegrin (Sapotaceae), Olea 
welwitschii (Knobl) Gilg. & Schellenb. 
(Oleaceae), Newtonia buchananii (Bak.) 
Gilbert & Boutique (Mimosaceae), and 
Chrysophyllum gorungosanum Engl. (Sapota-
ceae). Based on the stump counts two to three 
trees per km2 were felled from the area prior 
1970 but this had relatively little impact on 
the compartment as a whole (Skorupa 1988). 
Compartment K-14 covers 400 ha and was 
lightly logged in 1969 with a basal area 
reduction of 25-27.4 percent. Compartments 
K15 (347 ha) and K13 (622 ha) were heavily 
logged in 1968 and 1969 with basal area 
reductions of 47 and 50.3 percent 
respectively. In addition, K13 was treated 
with arboricide after logging to remove 
undesirable trees. After initial treatment K13 
was left to regenerate naturally. 
2.2 Study organism 
 
Neoboutonia macrocalyx Pax. (Euphorbia-
ceae) is a pioneer tree that grows in the light 
gaps of medium altitude tropical rainforests 
(Chapman et al. 1999): hereafter it will be 
referred to by its generic name. Neoboutonia 
trees are 10-20 metres tall with a canopy 
width of 7 to 12 metres (Hamilton 1991). 
Production of new leaves occurs throughout 
the year (Authors’ unpubl. data). Branching is 
dichotomous, and there are 6 to 13 leaves in 
each shoot. The abscission occurs from the 
base of shoot and therefore, the abscised 
leaves are the oldest leaves on a shoot. Insect 
damage is so common for the leaves of 
Neoboutonia that it is even used as one of the 
characteristics to describe the tree in botanic 
field guides (e.g. Hamilton 1991) 
 
2.3 Insect collecting 
 
The sites were sampled once a month on the 
6th (± 2 days) in successional days for two 
years from April 2006, except K15 that was 
not sampled in December 2006. At every site 
ten trees were selected randomly for the first 
sampling. Thereafter for the first 12 months, 
six out of ten trees sampled were the same, 
whereas the other four trees were randomly 
chosen every time. After the first 12 months 
all the trees were randomly sampled every 
time. The distance between the trees was at 
minimum 20 meters but most of the trees 
were 80 m or more apart. Only individuals 
without plants climbing their trunks were 
selected to minimize the possibility to sample 
non-Neoboutonia feeding larvae. 
 Two randomly selected tips of branches 
were cut from each tree using tree pruners. 
The branches were cut from the lower part of 
the middle canopy ranging from 6 to 13 m at 
height, and each had 6-13 leaves. When cut, 
the branches dropped down onto 4 m2 sheet 
underneath the tree. Most of the larvae 
remained attached to the leaves, and were 
collected separately from all of the leaves and 
branches. At the research station samples 
were sorted and assigned to morphospecies, 
hereafter termed as species. The use of 
morphospecies in biodiversity studies has 
been criticized because of the error it 
introduces (Krell 2004) but we reared the 
larvae to avoid common mistakes, such as 
sorting different larval instars as different 
species. Based on the results of rearing we 
have had to correct one of our identification. 
The samples were stored in 95 % ethanol, and 
voucher specimens were later deposited at the 
University of Joensuu. Furthermore, all the 
collected leaves were taken back to the 
research station for a leaf area analysis where 
the length of the midrib was measured. 
Damage by herbivores was estimated by 
counting the leaf area eaten of all the 
collected leaves using millimetre paper. 
 5
2.4 Data analysis 
 
Species accumulation curves were created 
using Species Diversity and Richness Version 
4 software (Seaby & Henderson 2006) to 
evaluate sampling effort in different 
compartments. Sample order was randomized 
50 times to eliminate variation, which arises 
from sampling error and from real 
heterogeneity among the units sampled, in the 
curve shape due to accumulation order  
(Colwell and Coddington 1994). 
 We looked at four community variables to 
see the impact of past logging on lepidopteran 
larval community: Larval density (number of 
individuals), herbivory (the percentage of leaf 
area eaten), diversity of the community 
(species richness and alpha-diversity indices), 
and community composition. The number of 
individuals was weighted by the total leaf area 
in the analysis to ensure that samples are fully 
comparable. Leaf area was dependent on the 
length of the mid-rib and thus regression 
analysis was utilised to calculate the total leaf 
area. The leaf area (Y) was estimated using a 
regression model Y = 5.03x + 0.83x2, R2 = 
0.99, N = 159, p < 0.001) where x is the mid-
rib length and Y the leaf area. The mid-rib 
length was measured to the nearest mm from 
the base of the leaf to the tip of the leaf.  
 The diversity of lepidopteran community 
was described by the number of species 
(species richness hereafter) and two alpha-
diversity indices, which were Fisher’s alpha 
(Fisher et al. 1943) and Berger-Parker index 
(Berger and Parker 1970). The indices were 
selected based on the recommendations by 
Magurran (1988) and calculated using Species 
Diversity and Richness Version 4 (Seaby & 
Henderson 2006). Fisher’s alpha is not overly 
influenced by the rarest species or the 
dominance of abundant species (Kempton and 
Taylor 1974), whereas Berger-Parker 
dominance index (d) shows the dominance of 
the most common species. Thus, they 
complete each other well.  
 The effects of compartment, month, and 
their interaction on larval density, species 
richness, and the percent of leaf area eaten 
were analyzed using generalized linear 
models. The variables followed Poisson 
distribution and therefore, a log link function 
was used in the analysis. The values of 
Fisher’s alpha followed normal distribution, 
and therefore the effects of compartment, 
month, and their interaction on Fisher’s alpha 
diversity index were analysed using two-way 
analysis of variance. When significant 
differences between the compartments were 
found, we performed pairwise comparisons 
with sequential Bonferroni correction (Rice 
1989). We performed the generalized linear 
models and the analysis of variance using 
SPSS version 16.0 (SPSS 2007). In the two-
way analysis of variance months were 
classified according to precipitation into four 
categories (see Struhsaker 1998): minor rain 
(March-May), major rain (September-
November) and two dry seasons (June-August 
and December-February). We used Solow’s 
randomization test (Solow 1993) in Species 
Diversity and Richness Version 4 (Seaby & 
Henderson 2006) to find significant 
differences in the overall dominances between 
the compartments.  
 To analyse similarities in the community 
composition between the compartments a two 
dimensional ordination using 
multidimensional scaling (MDS) with Bray-
Curtis dissimilarity coefficient was 
conducted. MDS ordination was chosen 
because it is particularly robust and 
independent of linearity assumptions 
(Minchin 1987). The number of dimensions 
was selected based on the results of Monte 
Carlo randomization test (P = 0.02 for two 
dimensional solution). To test for significant 
differences in similarities multi-response 
permutation procedure (MRPP) was 
performed. The MRPP test returns a test 
statistic T that describes the separation 
between groups (the more negative T is, the 
stronger the separation). In addition, 
similarities in the community composition 
between the compartments were examined 
using Bray-Curtis index, which was 
calculated using EstimateS (Colwell 2006). 
To analyse seasonal variation in the 
community similarity we performed MRPP 
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Figure 1. Seasonal variation in the density of lepidopteran larvae (mean number of inds per 
m2 of leaf area - SE) on the leaves of Neoboutonia macrocalyx in four differently managed 
compartments in Kibale National Park, Uganda. 
 
analysis with similarly classified months as in 
the two-way analysis of variance. PC-ORD 
version 5.0 was used to perform MDS and 
MRPP (McCune and Mefford 1999). 
 
3 Results 
3.1 The impact of logging and seasonality in 
larval density and herbivory 
 
The total number of identified lepidopteran 
larvae was 10851. We recorded 3925 
individuals of 53 species in the natural forest 
compartment (K30), 2299 individuals of 46 
species in the lightly logged compartment 
(K14), 2121 individuals of 47 species in the 
heavily logged compartment (K15), and 2506 
individuals of 51 species in the heavily logged 
and arboricide treated compartment (K13) 
(Appendix 1 and 2, Table 1). Larval density 
differed significantly between the 
compartments (Generalized linear model, χ2 = 
359.19, P < 0.001, df = 3, n = 950), and K30 
had significantly more individuals than the 
other compartments (P < 0.05 for all pairs 
after Bonferroni correction). Larval density 
differed also between months (Generalized 
linear model, χ2 = 3274.81, P < 0.001, df = 
23, n = 950) (Fig. 1), and there was a 
significant compartment by month interaction 
(Generalized linear model, χ2 = 549.19, P < 
0.001, df = 68, n = 950).  
 7
Table 1. Density of larvae, number of species and two species’ diversity indices (Fisher’s 
alpha and Berger-Parker dominance index) for four differently managed compartments in 
Kibale National Park. Also 99 % confidence intervals for Berger-Parker dominance index are 
shown. K30 is natural forest, whereas K14 has been lightly logged, K15 heavily logged, and 
K13 heavily logged and arboricide treated. * indicates statistically significant difference from 
K30 at p<0.05 (Solow’s randomization test, pairwise comparisons between K30 and each of 
the compartments). 
 
Density of larvae Species Berger-Parker dominance index Compartment 
Mean SE Mean SE 
Fisher's 
alpha  
  Lower CI Upper CI
K30 163.5 25.6 12.5 0.94 7.27 0.7 0.69 0.71 
K14 95.8 24.3 10.3 0.98 6.81 0.55* 0.53 0.57 
K15 88.4 24 9.7 0.94 7.11 0.57* 0.55 0.58 
K13 104.4 19.3 11.4 0.88 7.68 0.58* 0.56 0.59 
  
 
Figure 2. Seasonal variation in herbivory (leaf area eaten as percentage of the total leaf area) 
(mean - SE) in four differently managed compartments in Kibale National Park, Uganda.  
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Figure 3. Species accumulation curves for four differently managed compartments averaged 
over 50 randomizations of 240 samples collected monthly for 24 months from Neoboutonia 
macrocalyx in Kibale National Park, Uganda.  
 
The amount of herbivory differed 
significantly between the compartments 
(Generalized linear model, χ2 = 175.13, P < 
0.001, df = 3, n = 960) and K30 had 
experienced significantly more herbivory than 
the other compartments (P < 0.05 for all pairs 
after Bonferroni correction). Furthermore, 
herbivory varied significantly between 
months (Generalized linear model, χ2 = 
410.27, P < 0.001, df = 23, n = 960) and the 
compartment by month interaction was 
significant (Generalized linear model, χ2 = 
268.55, P < 0.001, df = 69, n = 960) (Fig.2). 
Thus, larval density and herbivory vary 
between the compartments as well as between 
months but follow different dynamics in 
different compartments. 
 
3.2 The impact of logging and seasonality in 
species diversity 
Species accumulation curves show that K30 
had more species than the other compartments 
(Fig. 3). Further analysis showed that the 
compartments differed significantly in regard 
to species richness (Generalized linear model, 
χ2 = 74.44, P < 0.001, n = 950), and K30 was 
more diverse than the other compartments (P 
< 0.05 for all pairs after Bonferroni 
correction). There was no difference in 
overall diversities expressed by Fisher’s alpha 
(two-way ANOVA, P > 0.05, df = 3, n = 95), 
but the most abundant species, Geometridae 
sp.1, had significantly lower dominance in the 
logged compartments than in K30 (Solow’s 
randomization test, P < 0.05) (Table 1).  
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Figure 4. Seasonal variation in the lepidopteran species richness (mean - SE) in four 
differently managed compartments in Kibale National Park, Uganda. 
 
Species richness also differed significantly 
between months (Generalized linear model, χ2 
= 406.59, P < 0.001) (Fig. 4), but we did not 
find interaction between the compartments 
and months (Generalized linear model, 
compartment by month interaction, P > 0.05). 
Thus, the variation was synchronous in all the 
compartments. Similarly, Fisher’s alpha 
showed variation between different seasons 
(two-way ANOVA by compartment and 
season F3, 95 = 2.838, P = 0.03) but no 
interaction between the compartments and 
months was found (two-way ANOVA by 
compartment and season, P > 0.05). 
3.3 The impact of logging and seasonal 
variation in the community composition 
 
On average 37 species were common between 
each logged compartment and natural forest 
(Table 2).  There were also clear differences 
in the abundances of lepidopteran families. 
The larval densities of Geometridae, 
Gelechiidae, Nolidae, and Oecophoridae 
decreased whereas the larval densities of 
Lymantriidae increased due to logging 
(Appendix 1). Unknown Microlepidoptera 
were also encountered more often in the 
logged compartments K14 and K15 than in 
the natural forest. MDS analysis showed that  
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Figure 5. Ordination by two-
dimensional scaling of the lepidopteran 
larvae on the leaves of Neoboutonia 
macrocalyx in Kibale National Park, 
Uganda. Black triangles (▲) denote the 
primary forest, white triangles (∆) the 
lightly logged, circle (○) the heavily 
logged and plus sign (+) the heavily 
logged and arboricide treated 
compartment. Axes are unitless but the 
first axis correlates with the density of 
larvae (Spearman’s rho r = 0.371, P < 
0.001), and the second axis has a strong 
negative correlation with species 
richness (Pearson’s correlation r = -
0.698, P < 0.001). Points that are close 
to each other are more similar than 
points that are further apart.  
 
community composition differed between the 
natural forest and the logged compartments 
(Fig. 5) and MRPP confirmed that the 
difference was significant (MRPP, T = -7.43, 
P < 0.001). When logged compartments were 
compared to each other, no significant 
difference was found (MRPP, T = -0.53, P = 
0.25). Similar results were found when the 
community composition was compared 
between the natural forest and the logged 
compartments: Bray-Curtis index varied from 
0.66 to 0.75 when the logged compartments 
were compared to the natural forest (Table 2). 
When the logged compartments were 
compared to each other, Bray-Curtis index 
varied from 0.87 to 0.94.  
 Differences in the community 
composition were found in all compartments 
when the year was divided to four different 
seasonal categories. They were significant in 
all compartments except K14 where the 
difference only approach significance (MRPP, 
K30 T = -4.33, P < 0.001, K15 T = -2.61, P = 
0.014, K13 T = - 3.34, P = 0.005, K14 T = -
1.7, P = 0.061). Seasonal differences in the 
community composition were not found in 
any of the compartments when the data was 
categorized only to two categories according 
to wet and dry season instead of 
differentiating between two wet and two dry 
seasons (MRPP, P > 0.05 for all 
compartments).  
 
 
 
 
 
 
 
Table 2. The number of species, shared 
species between K30 and a given 
compartment, and Bray-Curtis simi-
larity index in comparison to a given 
compartment (shown under the index 
label) for four differently managed 
compartments in Kibale National Park. 
K30 is natural forest, whereas K14 has 
been lightly logged, K15 heavily 
logged, and K13 heavily logged and 
arboricide treated. 
Compartment Species Shared 
species 
Bray-Curtis 
similarity index 
    K30 K14 K15
K30 53     
K14 46 39 0.68   
K15 47 37 0.66 0.94  
K13 51 36 0.75 0.87 0.87
 11
4 Discussion 
4.1 The impact of logging on larval density 
and herbivory 
 
Our data of lepidopteran morphospecies 
shows that logging, which was done 40 years 
ago, affects the lepidopteran species living on 
the Neoboutonia macrocalyx tree in Uganda. 
The overall larval density was significantly 
lower in the logged compartments (Fig. 1, 
Table 1). This result is consistent with earlier 
studies that lepidopteran larvae respond 
negatively to disturbance (Arnold and Asquith 
2002). We attribute the differences in larval 
density to a poor regeneration of logged 
compartments (Chapman and Chapman 
1997). In Kibale logging created favourable 
conditions for the growth of Acanthus 
pubescens Thomson ex Oliv. (Acanthaceae), 
which is grazed by elephants that in turn 
suppressed tree regeneration (Lawes and 
Chapman 2005). This and denser forest floor 
vegetation in the logged compartments 
(Nummelin 1992) have probably hindered the 
return of the logged compartments to pre-
logging state with consequences to 
herbivorous insect fauna.   
 The overall level of herbivory in different 
compartments reflected larval density. Most 
of the herbivory in our study can be attributed 
to a single specialist species Geometridae 
sp.1, a specialist species based on the feeding 
trials. This result is in line with the 
observation that specialist species cause more 
damage than generalists in tropics (Barone 
1998). Our results are opposite to the findings 
of Howlett and Davidson (2001) that did not 
find any difference in the rates of leaf damage 
by lepidopteran larvae between three logged 
areas and primary forest in Sabah, Malaysia. 
Our findings as well as those of Howlett and 
Davidson (2001) are contrary to the wisdom 
that tree diversity reduces herbivory by forest 
insects (Jactel and Brockerhoff 2007) since 
the most diverse mature forest had the highest 
rate of herbivory. 
4.2 The impact of logging on species 
diversity 
 
On average, the natural forest had more 
species than the logged compartments. 
Usually, moth species richness diminishes 
only when the overall floristic composition of 
the forest habitat differs significantly from the 
initial assemblage (Intachat et al.1997). 
Butterflies, on the other hand, benefit from 
low to intermediate disturbance because of 
increased temperatures and light (Brown 
1997). When disturbance further increases, 
humidity decreases, and there is too much 
light in an area for shade-demanding species 
to survive. Lepidopteran larvae are closely 
linked to nutrient availability, light regime, 
and microclimatic conditions through their 
host (Brown 1997) and hence, reflect 
surrounding environmental conditions causing 
differences in the species richness between 
different compartments. The overall 
differences in species richness between the 
natural forest and the logged compartments 
were small, but the samples are not complete 
representations of the compartments as seen 
from the species accumulation curves (Fig 3). 
Instead, the species accumulation curves 
predict increases in species richness with 
additional sampling effort (Colwell and 
Coddington 1994).  The diversity expressed 
by Fisher’s alpha remained same across the 
study areas. The most likely reason for this 
controversy is that in relation to the most 
common species, Geometridae sp.1, the 
abundances of species with intermediate 
abundances are higher because the dominance 
of Geometridae sp. 1 is lower in logged 
compartments than in the natural forest 
compartment. In addition, opportunistic 
species with different habitat requirements 
than natural forest species are probably 
present in the logged areas. It has been shown 
that the beetle fauna in Kibale was richer in 
the logged compartments than in the natural 
forest probably due to the influx of grassland 
species (Nummelin and Borowiec 1991, 
Nummelin and Fürsch 1992). 
 As mentioned above the dominance of 
Geometridae sp.1 was higher in the natural 
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forest than in the logged compartments but it 
remained remarkably high throughout the 
study period in all compartments. The high 
dominance we found is consistent with the 
results of lepidopteran larvae assemblages on 
other tree species in tropics (Novotny et al. 
2002). For adult moths high dominance 
values have been associated with disturbed 
communities (Fiedler and Schulze 2004, Hilt 
et al. 2006) but studies on other groups have 
shown that the pattern is not universal and 
general conclusions can not be drawn 
(Nummelin and Kaitala 2004). In our study, 
the dominance of Geometridae sp.1 could be 
attributed to specialism and competition 
advantage that follows it. In addition, in 
Kibale the natural forest provides wider 
selection of food resources for competing 
generalist species than the logged 
compartments (Struhsaker 1998). 
4.3 The impact of logging on the community 
composition 
 
Logging had long lasting impact on the 
communities of herbivorous insects, and even 
after 40 years of forest regeneration the 
communities in logged compartments were 
distinct from that of natural forest. The larval 
density of some families such as 
Geometridae, Nolidae, and Oecophoridae had 
decreased whereas the density of family 
Lymantriidae had increased due to logging. 
Our findings contrast with the results of 
Kitching et al. (2000) that showed decline in 
Lymantriidae numbers following 
fragmentation in Australian rainforest but are 
congruent with the results that indicate 
decreased densities of Geometridae in the 
remnants (Kitching et al. 2000). Decreased 
densities of Geometridae have also been 
found in secondary forests of Borneo (Beck et 
al. 2002).  
 Our results show clearly that logging 
changed community composition as the 
logged compartments are more similar in 
regard to each other than to the natural forest 
(Table 2). Correspondingly, earlier study by 
Nummelin and Zilihona (2004) showed that 
the forest floor arthropod communities of 
heavily disturbed and natural forest differ in 
Kibale and the differences have become 
greater during the succession.  Based on our 
results and those of Nummelin and Zilihona 
(2004) it seems that logging has irreversible 
or very long-lasting impact on insect fauna in 
Kibale. This can be attributed to the hindered 
regeneration in the logged compartments. In 
our earlier study of forest fragments in 
Uganda, the differences in the lepidopteran 
larval assemblage on the leaves of 
Neoboutonia were linked to microclimate and 
tree community composition (Savilaakso et 
al. 2009). The compartments differ in 
vegetation structure and botanical 
composition (Struhsaker 1998, Nummelin 
1992) and thus, it is likely that the same 
factors (composition of tree community and 
microclimate) that cause differences in the 
fragments also cause differences within 
Kibale forest. Brehm et al. (2003) also found 
that the species composition of Geometridae 
was highly correlated with ambient air 
temperature and tree diversity in an Andean 
montane rainforest.  
4.4 Seasonality in herbivory, larval density 
and species diversity 
 
Our findings are congruent with the wisdom 
that seasonal variation in abundance, species 
richness and diversity are common among 
tropical lepidopterans (DeVries et al. 1997, 
1999, Intachat et al. 2001, Hamer et al. 2005). 
Our earlier study (Skippari et al. 2008) and 
that of Molleman et al. (2006) both showed 
temporal fluctuations in lepidopteran 
abundance, diversity and species richness in 
Kibale. Seasonal variation has also been 
noticed in the abundances of forest floor 
arthropods in Kibale (Nummelin 1996). 
However, the fluctuation in herbivory, which 
we noticed, contrasts with the earlier study by 
Nummelin (1992), which did not find 
seasonal variation in the invertebrate 
herbivory in the forest floor. The difference 
may be explained by the different study 
settings: Ours concentrated on one tree 
species whereas Nummelin used several plant 
species in the forest floor. 
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 Interestingly, species richness seems to 
vary synchronously across the compartments, 
whereas larval density and herbivory do not. 
Large variations in monthly and annual 
rainfall in Kibale prevent the development of 
strongly seasonal biological phenomena 
(Struhsaker 1998), which can explain the 
differences in synchrony. It seems that species 
are present at certain times of the year, and 
the variation in species richness mirrors the 
evolved responses of species to resource 
availability over time, whereas individual 
density and herbivory vary due to local 
conditions such as microclimate regulated 
resource availability. Poor regeneration of 
logged compartments means that 
environmental conditions such as 
microclimate probably differ between the 
compartments and thus, cues to produce 
offspring are not simultaneous.  
 There is not much data about the effects 
of logging on seasonality. One exception is 
study by Hamer et al. (2005) that reported 
seasonal variation in the diversity of 
butterflies in the primary forest of Sabah, 
Malaysia between dry and wet season but not 
in logged forest. They suggest that logging 
can reduce temporal heterogeneity on a 
similar way that it reduces habitat 
heterogeneity. Our results do not support this 
idea, but there are important differences 
between the two studies. First, Hamer et al. 
(2005) concentrated on adult nymphalids 
using baited traps. Thus, their data reflects 
community with species whose larvae use 
multiple food resources, whereas in our study 
larvae used only a single resource. Secondly, 
their study took place in Sabah, Malaysia 
where the monthly rainfall is usually over 100 
mm, whereas in Kibale it drops below 100 
mm during dry months. Although it is 
possible that temporal heterogeneity 
decreases at the forest level after logging, in 
the light of our results more studies are 
needed before firm conclusions can be drawn. 
4.5 Seasonal variation in the community 
composition 
 
The larval communities varied seasonally in 
all the compartments. These results are 
consistent with our earlier study in which we 
observed seasonal differences in the 
community composition in the compartment 
K14 during 1995 and 1996 (Skippari et al. 
2008). Similarly, Schulze and Fiedler (2003) 
reported seasonal changes in pyraloid moth 
assemblage in hill dipterocarp forest in 
Borneo. Seasonal variation in community 
composition has also been observed for adult 
moths in deciduous forest in North America 
(Summerville and Crist 2003) and for larvae 
in a Japanese temperate forest (Murakami et 
al. 2008). Differences in the lepidopteran 
communities have been attributed to adult 
emergence schedules, generation time, and 
voltinism (Summerville and Crist 2003) that 
are linked to the resource availability and host 
plant palatability (Niemelä and Haukioja 
1982). Furthermore, leaf quality has been 
suggested to have impact on lepidopteran 
larval communities (Murakami et al. 2008). 
 
5 Conclusions 
 
Almost 40 years after selective logging 
lepidopteran larval community in Kibale 
National Park has still not recovered from the 
disturbance. Herbivory, larval density, species 
richness and community composition all 
reflect lack of regeneration in the logged 
areas. One of the objects of General 
Management Plan for Kibale National Park is 
“to ensure minimum disturbance and 
maximum protection of the biodiversity and 
ecological processes within Kibale National 
Park” (Uganda Wildlife Authority 2003). 
Further, it recommends plantation areas 
within park boundaries to be left to regenerate 
naturally. Based on our results natural 
regeneration does not seem to be very 
effective way of management. Instead, we 
recommend active restoration in plantation 
areas and in the previously logged 
compartments to ensure that the goal of 
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maximum protection of biodiversity will be 
met. 
 We found seasonal variation in larval 
density as well as in species richness and 
diversity. Rapid, short-term inventories have 
become common to assess biodiversity (Jones 
and Eggleton 2000, Kitching et al. 2001). Our 
findings suggest that such assessments can be 
misleading as they do not take account 
temporal heterogeneity found in many 
communities. 
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Appendixes 
 
Appendix 1. The number of individuals (larval density per m2 of leaf area in parentheses) of 
lepidopteran species recorded in four differently managed compartments in Kibale National Park, 
Uganda. K30 indicates primary forest, K14 moderately, K15 heavily logged, and K13 heavily 
logged and arboricide treated compartment.  
 
Species K30 K14 K15 K13 
Arctiidae   
Arctiidae sp. 1 0 (0) 0 (0) 0 (0) 1 (2)
   
Carposinidae   
Carposinidae sp. 1 0 (0) 0 (0) 0 (0) 1 (2)
   
Gelechiidae   
Gelechiidae sp. 1 11 (22) 7 (11) 12 (18) 15 (26)
Gelechiidae sp. 3 24 (41) 7 (12) 8 (9) 12 (24)
Gelechiidae sp. 4 28 (58) 10 (15) 14 (27) 16 (37)
Gelechiidae sp. 5 24 (50) 24 (44) 17 (31) 11 (24)
Gelechiidae sp. 6 7 (18) 1 (2) 6 (18) 5 (19)
Gelechiidae sp. 7 1 (2) 2 (4) 1 (2) 0 (0)
Gelechiidae sp. 9 5 (11) 6 (13) 1 (1) 7 (18)
Gelechiidae sp. 10 16 (32) 7 (14) 11 (22) 14 (24)
   
Geometridae   
Geometridae sp. 1 2710 (5 989) 1258 (2 418) 1196 (2 603) 1411 (3 402)
Geometridae sp. 5 2 (5) 3 (5) 1 (1) 1 (1)
Geometridae sp. 7 35 (73) 16 (29) 9 (16) 16 (29)
Geometridae sp. 8 60 (111) 22 (45) 28 (60) 75 (172)
Geometridae sp. 9 3 (6) 4 (9) 3 (8) 2 (6)
Geometridae sp. 12 2 (4) 1 (1) 0 (0) 0 (0)
Geometridae sp. 13 2 (4) 3 (5) 2 (4) 1 (1)
Geometridae sp. 14 3 (7) 1 (3) 4 (11) 3 (6)
 18
Geometridae sp. 16 0 (0) 5 (8) 8 (14) 8 (12)
Geometridae sp. 17 101 (195) 34 (54) 29 (50) 105 (246)
Geometridae sp. 18 0 (0) 0 (0) 0 (0) 2 (5)
Geometridae sp. 19 2 (4) 8 (12) 5 (7) 2 (5)
Geometridae sp. 20 2 (4) 2 (4) 2 (4) 0 (0)
Geometridae sp. 22 16 (34) 8 (15) 3 (9) 5 (9)
Geometridae sp. 33 0 (0) 0 (0) 0 (0) 1 (2)
Geometridae sp. 35 1 (1) 0 (0) 0 (0) 0 (0)
Geometridae sp. 36 1 (3) 0 (0) 0 (0) 0 (0)
Geometridae sp. 44 2 (5) 1 (3) 0 (0) 0 (0)
Geometridae sp. 48 1 (1) 3 (5) 2 (3) 2 (3)
Geometridae sp. 50 1 (1) 1 (1) 1 (2) 0 (0)
Geometridae sp. 51 3 (5) 1 (1) 0 (0) 3 (12)
Geometridae sp.61 0 (0) 0 (0) 0 (0) 1 (1)
Geometridae sp.63 0 (0) 0 (0) 1 (2) 1 (2)
Archiearinae sp. 1 2 (4) 0 (0) 0 (0) 0 (0)
Archiearinae sp. 2 0 (0) 1 (2) 1 (1) 4 (6)
Archiearinae sp. 6 0 (0) 1 (2) 0 (0) 0 (0)
   
Lasiocampidae   
Lasiocampidae sp. 1 0 (0) 0 (0) 1 (3) 0 (0)
Lasiocampidae sp. 2 0 (0) 0 (0) 1 (3) 0 (0)
   
Limacodidae   
Limacodidae sp. 1 0 (0) 0 (0) 1 (1) 0 (0)
   
Lymantriidae   
Lymantriidae sp. 1 13 (32) 14 (26) 17 (32) 8 (15)
Lymantriidae sp. 2 18 (40) 35 (59) 31 (67) 28 (61)
Lymantriidae sp. 3 7 (14) 2 (5) 3 (6) 1 (2)
Lymantriidae sp. 5 0 (0) 1 (3) 0 (0) 0 (0)
Lymantriidae sp. 6 5 (9) 7 (10) 10 (22) 1 (3)
Lymantriidae sp. 7 3 (3) 0 (0) 1 (1) 15 (29)
Lymantriidae sp. 8 0 (0) 0 (0) 1 (1) 1 (1)
Lymantriidae sp. 10 0 (0) 1 (2) 0 (0) 0 (0)
   
Noctuidae   
Noctuidae sp. 1 1 (4) 0 (0) 0 (0) 0 (0)
Noctuidae sp. 2 0 (0) 0 (0) 0 (0) 1 (4)
Noctuidae sp. 4 1 (2) 0 (0) 0 (0) 0 (0)
Noctuidae sp. 6 1 (2) 0 (0) 0 (0) 0 (0)
Noctuidae sp. 19 11 (21) 8 (18) 7 (19) 9 (21)
Noctuidae sp. 21 1 (2) 0 (0) 0 (0) 0 (0)
Noctuidae sp. 55 1 (2) 0 (0) 0 (0) 2 (7)
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Noctuidae sp. 65 0 (0) 0 (0) 1 (2) 1 (2)
Plusia sp. 1 16 (35) 31 (44) 24 (57) 15 (24)
Plusia sp. 3 0 (0) 0 (0) 0 (0) 1 (3)
   
Nolidae   
Nolidae sp. 2 6 (11) 5 (12) 2 (2) 4 (7)
Nolidae sp. 4 113 (243) 40 (75) 27 (63) 105 (251)
Nolidae sp. 5 9 (20) 0 (0) 1 (2) 3 (6)
Nolidae sp. 6 37 (74) 10 (16) 7 (14) 14 (27)
Nolidae sp. 7 16 (35) 6 (9) 2 (3) 6 (8)
   
Notodontidae    
Notodontidae sp. 2 0 (0) 0 (0) 1 (1) 1 (5)
   
Nymphalidae      
Nymphalidae sp. 3 1 (3) 2 (3) 0 (0) 0 (0)
   
Oecophoridae   
Oecophoridae sp. 1 75 (159) 46 (77) 30 (62) 36 (70)
Oecophoridae sp. 2 1 (2) 0 (0) 0 (0) 0 (0)
   
Psychidae   
Psychidae sp. 1 0 (0) 1 (2) 0 (0) 0 (0)
   
Pyralidae   
Pyralidae sp. 2 1 (2) 0 (0) 1 (2) 1 (2)
Pyralidae sp. 3 0 (0) 0 (0) 4 (9) 1 (2)
   
Saturniidae   
Saturniidae sp. 1 1 (2) 0 (0) 0 (0) 0 (0)
   
Unknown 
microlepidoptera   
Microlepidoptera sp. 1 516 (1 175) 648 (1 266) 579 (1 296) 521 (1 252)
Microlepidoptera sp. 2 1 (2) 1 (3) 0 (0) 0 (0)
Microlepidoptera sp. 3 1 (2) 0 (0) 0 (0) 0 (0)
   
Unknown species   
Unknown sp. 1 4 (7) 2 (4) 4 (6) 5 (10)
Unknown sp. 2 0 (0) 2 (3) 0 (0) 1 (2)
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Appendix 2. The number of species per lepidopteran family recorded in four differently managed 
compartments in Kibale National Park, Uganda. K30 indicates primary forest, K14 moderately, K15 
heavily logged, and K13 heavily logged and arboricide treated compartment.  
 
Family K30 K14 K15 K13
Arctiidae 0 0 0 1
Carposinidae 0 0 0 1
Gelechiidae 8 8 8 7
Geometridae 19 19 16 18
Lasiocampidae 0 0 2 0
Limacodidae 0 0 1 0
Lymantriidae 5 6 6 6
Noctuidae 7 2 3 6
Nolidae 5 4 5 5
Notodontidae 0 0 1 1
Nymphalidae 1 1 0 0
Oecophoridae 2 1 1 1
Psychidae 0 1 0 0
Pyralidae 1 0 2 2
Saturniidae 1 0 0 0
Unknown 
Microlepidoptera 3 2 1 1
Unknown sp.1 1 1 1 1
Unknown sp.2 0 1 0 1
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Abstract 
 
Phenology of trees varies seasonally and is regulated by multiple abiotic and biotic factors, such as 
rainfall and herbivory. Furthermore, different abiotic factors influence herbivorous insects either 
directly or indirectly through their host plant phenology. Flowering phenology and factors that 
influence it on Neoboutonia macrocalyx Pax. trees were studied in Kibale National Park, Western 
Uganda between April 2006 and March 2008. The focus was on the impact of rainfall and herbivory 
on flowering. Furthermore, the effects of flowering and rainfall on lepidopteran larval community 
found on the leaves of N. macrocalyx were studied. Specifically, larval abundance and species 
richness were examined. The results showed that flowering of N. macrocalyx is not seasonally 
fixed. Although there were two flowering peaks (June 2006 and September 2007), flowering N. 
macrocalyx trees were found during most of the study months. Flowering was positively associated 
with rainfall 5, 9, and 10 months prior and negatively to herbivory two months prior. Flowering and 
rainfall both correlated with larval species richness but neither of them with larval abundance. Thus, 
both rainfall and flowering act as cues to predict existence of diverse larval communities but the 
factors driving dynamics of larval abundance remain unknown, and further research is needed. 
 
Keywords: Continuous leaf production, East Africa, Euphorbiaceae, Lepidoptera, phenology, plant-
insect interaction, seasonality 
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1 Introduction 
 
Timing of flowering is important for plants to 
ensure successful growth and reproduction 
(Rathcke & Lacey 1985). In temperate 
regions photoperiod and temperature are 
important cues for leaf flushing and 
flowering, but in tropical regions variation in 
them is small. However, tropical forests are 
not necessarily aseasonal: seasonality of 
rainfall is common in the tropics, and rainfall 
may induce flowering (Rathcke & Lacey 
1985). Solar radiation is also seasonal, and 
cloudiness can further reduce the available 
radiant energy (van Schaik et al. 1993).  
 Beside abiotic factors, there are biotic 
factors that can influence the timing of leaf 
flush and flowering (Rathcke & Lacey 1985). 
Plants may time their reproduction to 
optimise the benefit of pollinators or seed 
dispersers (van Schaik et al. 1993). 
Furthermore, herbivores can affect the timing 
of leaf production and delay flowering (Aide 
1988, Aide 1992, Coley & Barone 1996, 
Romero & Neto 2005). Two adaptive patterns 
may have evolved to minimize the damage by 
herbivores: 1) trees can produce leaves during 
the season when herbivore abundance is low 
to escape herbivory, usually during the dry 
season or 2) leaf flush or flowering can be 
synchronous to satiate herbivores (Aide 1992, 
Coley & Barone 1996).  
 Although herbivores can affect leaf and 
flower production, it is also possible that they 
merely track their food resources. 
Lepidopteran larvae are closely linked to 
nutrient availability, light regime, and 
microclimatic conditions through their host 
(Brown 1997) and hence reflect surrounding 
environmental conditions. Seasonality in 
insect abundances has been noticed in many 
tropical studies (e.g. Molleman et al. 2006, 
Skippari et al. 2008, Wolda 1988) but the 
driving factors behind the seasonality remain 
largely unknown. One reason for this is that it 
is difficult to distinguish between cues for 
development and other factors that drive 
subsequent population fluctuations (Didham 
& Springate 2003).  
In this study we examine rainfall and 
herbivory as explanatory factors for the 
flowering of Neoboutonia macrocalyx Pax. 
tree. Furthermore, we look at the role of 
flowering in abundance of lepidopteran larvae 
and number of lepidopteran species (species 
richness) found on the leaves of N. 
macrocalyx. Finally, we examine the 
influence of rainfall on the species richness 
and abundance of lepidopteran larvae.  
 
2 Methods 
2.1 Study area 
 
The study was conducted in Kibale National 
Park (766 km2), which is located in Western 
Uganda approximately 25 km east of the 
Ruwenzori Mountains (0º13´ to 0º41´N and 
30º19´ to 30º32´E). The park is a moist 
transitional forest between lowland tropical 
rain forest and montane forest (Skorupa 
1988). It contains a wide variety of habitats 
including mature forest, secondary forest, 
grassland, swamp, and woodland thicket. 
About 60 per cent of the park is mature forest 
with a 25-30 m tall canopy (Wing & Bush 
1970). Temperature stays relatively constant 
throughout year, the mean maximum and the 
mean minimum during 1990 to 2001 being 
20.2 ºC and 14.9 ºC, respectively (Chapman 
et al. 2005). The area has a biseasonal climate 
with two rainy seasons each year, and the 
mean annual rainfall during 1990-2001 was 
1749 mm. 
 The study was conducted in four 
adjoining forest compartments at an elevation 
of ca. 1500 m above sea level. Compartment 
K30 covers 300 ha of natural forest and has 
been classified as Parinari forest (Osmatson 
1959) determined by the presence of Parinari 
excelsa Sab. (Chrysobalanaceae) and 
subdominants (Aningeria altissima (A. Chev.) 
Aubrév. & Pellegrin (Sapotaceae), Olea 
welwitschii (Knobl) Gilg. & Schellenb. 
(Oleaceae), Newtonia buchananii (Bak.) 
Gilbert & Boutique (Mimosaceae), and 
Chrysophyllum gorungosanum Engl. 
(Sapotaceae). Based on the stump counts two 
to three trees km-2 were felled from the area 
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prior 1970 but this had relatively little impact 
on the compartment as a whole (Skorupa 
1988). Compartment K-14 covers 400 ha and 
was lightly logged in 1969 with a basal area 
reduction of 25-27.4 percent. Compartments 
K15 (347 ha) and K13 (622 ha) were heavily 
logged in 1968 and 1969 with basal area 
reductions of 47 and 50.3 percent, 
respectively. In addition, K13 was treated 
with arboricide after logging to remove 
undesirable trees. After initial treatment K13 
was left to regenerate naturally. 
2.2 Study species 
 
Neoboutonia macrocalyx Pax. (Euphorbia-
ceae) is a pioneer tree that grows in the light 
gaps of medium altitude tropical rain forests 
(Chapman et al. 1999): hereafter it will be 
referred to by its generic name. Neoboutonia 
trees are 10-20 metres tall with a canopy 
width of 7-12 metres (Hamilton 1991). 
Branching is dichotomous, and there are 6 to 
13 leaves in each shoot. Production of new 
leaves occurs throughout the year (unpubl. 
data). The abscission occurs from the base of 
shoot and therefore, the abscised leaves are 
the oldest leaves on a shoot. Neoboutonia 
produces terminal inflorences of small white 
flowers, which attract insects. 
2.3 Phenology observation and insect 
collection  
 
We observed flowering of Neoboutonia trees 
in association with insect collection. We 
sampled ten trees in each of the four 
compartments for two years from April 2006, 
except K15 that was not sampled in 
December 2006. The phenological status of 
the sampled tree was noted. In this study 
flowering comprises flower bud initiation, 
anthesis and floral persistence (after Rathcke 
& Lacey 1985). The sites were sampled once 
a month starting on the 6th (± 2 days) and 
continuing on the successional days. At every 
site ten trees were selected randomly for the 
first sampling. Thereafter for the first 12 
months, six out of ten trees sampled were the 
same, whereas the other four trees were 
randomly chosen every time. After the first 12 
months all the trees were randomly sampled 
every time to avoid effects of sampling on 
insects as extensive cutting of branches can 
cause changes in the tree architecture and 
hence influence the results. When the 
sampling was randomized any given tree was 
sampled at most every four months. The 
distance between the trees was at minimum 
20 meters but most of the trees were 80 m or 
more apart. Only individuals without plants 
climbing their trunks were selected to 
minimize the possibility to sample larvae not 
feeding on Neoboutonia. 
 To collect the insects two randomly 
selected tips of branches were cut from each 
tree using tree pruners. The branches were cut 
from the lower part of the middle canopy at 6 
to 13 m, and each had 6-13 leaves. When cut, 
the branches dropped down onto 4 m2 sheet 
underneath the tree. Most of the larvae 
remained attached to the leaves, and were 
collected separately from all of the leaves and 
branches. At the research station samples 
were sorted and assigned to morphospecies, 
hereafter termed as species. The use of 
morphospecies in biodiversity studies has 
been criticized because of the error it 
introduces (Krell 2004) but we reared the 
larvae to avoid common mistakes, such as 
sorting different larval instars as different 
species. Based on the results of rearing we 
have had to correct one of our identification. 
The samples were stored in 95 % ethanol, and 
voucher specimens were later deposited at the 
University of Joensuu. For the estimation of 
herbivory (% of leaf area eaten), all the 
collected leaves were taken to the research 
station for a leaf area analysis where the 
length of the midrib was measured and leaf 
area eaten was counted using millimetre 
paper.  
2.4 Data analysis 
 
We used generalized linear model in SPSS 
version 16.0 (SPSS 2007) to analyse the 
impact of rainfall and herbivory on the 
flowering of Neoboutonia. Flowering 
followed negative binomial distribution, and 
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we used a log link function in the analyses. In 
the first analysis we related the number of 
trees flowering in a given month to rainfall 
for that month and for each previous month 
from 1 to 11 months prior. Also herbivory 
without time lag was included in the same 
model. We tested the effects of herbivory 
during two previous months with a separate 
analysis because we only had data for 22 
months instead of 24 months as in the other 
analysis. After the analyses we performed 
sequential Bonferroni correction for the 
significant P-values. To compare the level of 
herbivory between the study years we used 
Mann-Whitney U-test (Mann & Whitney 
1947). 
 We analysed the influence of rainfall and 
flowering on the abundance of lepidopteran 
larvae and species richness using generalized 
linear models with identity link function. In 
addition to rainfall and flowering in a given 
months, we included rainfall three months 
prior into the model because a study by 
Nummelin (1989) revealed a positive 
correlation between insect abundance in 
sweep-net samples and rainfall with a time lag 
of 1-3 months. We performed separate 
analysis to the flowering of two subsequent 
months and used sequential Bonferroni 
correction for significant P-values. Before the 
analyses the abundance of lepidopteran larvae 
was log-transformed to normalise the 
distribution. Rainfall data was provided by 
Chapman et al. (unpublished data). 
 
3 Results 
 
During this study monthly rainfall in Kibale 
ranged from 32 mm to 376 mm (Fig. 1). The 
annual precipitation was 1984 mm in 2006 
and 1504 mm in 2007, and it was well within 
the historical range (see Struhsaker 1998).  
 The flowering of Neoboutonia began in 
June 2006 and continued until March 2007 
(Fig. 1). Similarly, in 2007 Neoboutonia 
started to flower in June but flowering lasted 
only until January 2008. During 2006 flower 
production peaked in June when 52 % of the 
trees were flowering. In 2007 the flowering 
peak was in September with 52 % of trees 
flowering. Rainfall 5, 9, and10 months prior 
significantly explained flowering (Genera-
lized linear model; df = 1, n = 24; rain
 
Figure 1. The number of lepidopteran species found on the leaves of Neoboutonia 
macrocalyx, rainfall from April 2006 to March 2008, and the percentage of flowering 
Neoboutonia trees in Kibale National Park. 
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Figure 2. Relationship between the flowering of Neoboutonia trees and rainfall 10 months 
prior in Kibale National Park. 
 
 
5 mo prior χ2 = 5.71, P = 0.017; rain 9 mo 
prior χ2 = 3.92, P = 0.048; rain10 mo prior χ2 
= 10.11, P = 0.001) (Fig. 2), and all the P-
values remained significant after the 
Bonferroni correction. 
  We did not find any link between 
herbivory on a given month and flowering 
(Generalized linear model; P > 0.05), but 
herbivory two months prior was negatively 
connected to the flowering and remained 
significant after the Bonferroni correction 
(Generalized linear model; χ2 = 8.72, P = 
0.003, df = 1, n = 22,). Further, herbivory did 
not differ between the study years (Mann-
Whitney U-test; P > 0.05). 
 The abundance and species richness of 
lepidopteran larvae fluctuated during the 
study months (Fig. 1, 3). The peaks in species 
richness corresponded to the flowering peaks 
of Neoboutonia (Generalized linear model; χ2 
= 213.31, P = 0.001, df = 1, n = 24) and 
species richness was further connected to the 
flowering of the two following months 
(Generalized linear model; df = 1, n = 22; 
flowering in the first month following a given 
month χ2 = 125.48, P = 0.001; flowering in 
the second month following a given month χ2 
= 65.16, P = 0.001). We also found a 
significant link between the species richness 
and rainfall in a given month (Generalized 
linear model; χ2 = 28.58, P < 0.001, df = 1, n 
= 24) and with rainfall three months prior 
(Generalized linear model; χ2 = 15.24, P < 
0.001, df = 1, n = 24). All the significant 
values reported remained so after the 
Bonferroni correction. In contrast, there was 
no link between the abundance of 
lepidopteran larvae and rainfall or flowering 
of Neoboutonia (Generalized linear model; P 
> 0.05 for all cases).  
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Figure 3. Abundance of lepidopteran larvae found on the leaves of Neoboutonia macrocalyx, 
rainfall from April 2006 to March 2008 and the percentage of flowering Neoboutonia trees in 
Kibale National Park. 
 
4 Discussion 
 
We studied the phenology of Neoboutonia 
macrocalyx tree in Uganda and the influence 
of flowering and rainfall on the lepidopteran 
larvae found on the Neoboutonia leaves. 
Three broad hypotheses have been proposed 
to explain seasonality in phenology (Van 
Schaik et al. 1993): 1) seasonal rhythms relate 
to the presence of animals that are essential 
for completion of the reproductive process, 2) 
flowering or fruiting occurs when weather 
conditions are optimal for pollination, seed 
dispersal, or germination, and 3) phenology is 
determined by factors that limit plant 
production, e.g. herbivory. Below we discuss 
support for the hypotheses from our findings. 
 Flowering of Neoboutonia macrocalyx 
tree was not seasonally fixed. Neoboutonia 
trees had flowering peaks in June 2006 and 
September 2007, but the flowering trees were 
found during the majority of the study months 
(Fig.1). At community level, the flowering 
peaks in our study area tend to occur at the 
end of the first rainy season from March to 
April or at the beginning of May to August 
dry season (Chapman et al. 1999) although 
some tree species have two flowering peaks 
per year (Struhsaker 1998). However, 
flowering patterns are very variable among 
tree species and individuals, and flowering 
trees are found throughout the year (Chapman 
et al. 1999, Struhsaker 1998). Similarly, there 
is a lot of intramonthly variation between 
years for a given month in the flower 
production in Kibale (Struhsaker 1998). The 
variation we found in the flowering times 
supports the first hypothesis about the 
importance of essential animals, in our study 
pollinators. When flowering times are 
extended over different seasons, competition 
for pollinators between individual trees is 
reduced, which benefits biotically pollinated 
trees (Bolmgren et al. 2003).  
 Rainfall had long time-lag effect on 
flowering. Rainfall 5, 9 and 10 months prior 
was positively related to the flowering of 
Neoboutonia trees, which supports the second 
hypothesis about optimal weather conditions. 
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At tree community level, flowering peaks in 
Kibale have been associated to rainfall 10-11 
prior flowering, maximum temperature and 
irradiance (Chapman et al. 1999). Studies in 
both dry and wet tropical forests have shown 
a positive link between rainfall and flowering 
(Bendix et al. 2006, Lieberman 1982) 
although a stronger dependence on rainfall 
has been observed in a dry than in a wet forest 
(Frankie et al. 1974). Rainfall is also one of 
the factors that control germination (Ratchke 
& Lacey 1985). Most of the Neoboutonia 
seeds germinate during or after the rainy 
season from September to November 
(Author’s pers. obs.). Flowering peaks 
preceding the rains ensure that there is enough 
water available for germinating seeds and 
subsequent growth.   
 There was an association between 
flowering and leaf herbivory two months 
prior to it, which confirms earlier results that 
herbivory can cause delayed flowering 
(Marquis 1984). Although Neoboutonia 
experiences herbivory throughout the year, 
the intensity of herbivory varies from month 
to month being lowest during the June-August 
dry season (Kasenene & Roininen 1999). It 
seems that when herbivory increases 
flowering decreases which supports the role 
of limiting factors in the seasonality of 
flowering. The reduced flower production 
may results from the compensation for 
folivory when more resources are allocated to 
maintain leaf biomass (Pratt et al. 2005) or 
from the cost of chemical defence against 
herbivores (Strauss et al. 2002). 
 Although the abundance of larvae 
fluctuated, neither rainfall nor flowering 
explained fluctuation. This result is congruent 
with our earlier study in Kibale during 1995-
1996 in which no link between rainfall and 
larval abundance was found (Skippari et al. 
2008). Molleman et al. (2006) also found 
variation that did not follow rainfall pattern in 
species richness and abundance of fruit-
feeding nymphalids in Kibale. However, 
evidence on the contrary exists as well 
(Denlinger 1980, Intachat et al. 2001, 
Nummelin 1989, Tanaka & Tanaka 1982). 
The independence of larval abundance from 
rainfall may stem from the large variation in 
monthly and annual rainfall, which may 
prevent the development of strongly seasonal 
biological phenomena in Kibale (Struhsaker 
1998).  
 The lack of connection between flowering 
and abundance of larvae indicates that 
flowering does not change the palatability of 
Neoboutonia leaves, and flowers themselves 
are not important resource for the 
lepidopteran larvae foraging on the leaves. 
Also the dispersion of flowering times among 
Neoboutonia can level the impact of 
flowering on larval abundance. However, 
flowers are important resource for adult 
lepidopterans. In Malaysia geometrid moth 
abundance was shown to be regulated by the 
availability of fresh foliage and flowers in the 
current and previous month (Intachat et al. 
2001). Thus most of the nectar-feeding 
lepidopterans are probably in the adult stage 
of life cycle during flowering events. The lack 
of link between flowering and abundance of 
larvae provides indirect support to the 
hypothesis that seasonal rhythms relate to the 
presence of animals, here pollinators that are 
essential for completion of the reproductive 
process (van Schaik et al. 1993). 
 Rainfall and flowering both explained 
species richness. Rainfall has been earlier 
linked to the abundance and species richness 
of various insects (Intachat et al. 2001, 
Tanaka & Tanaka 1982), but many other 
factors behind insect seasonality have been 
emphasized as well, among them minimal air 
temperatures (Basset 1991), humidity 
(Intachat et al. 2001), and availability of 
suitable leaves and flowers (Basset 1991, 
Hopkins & Memmott 2003, Intachat et al. 
2001). The link between species richness and 
flowering is expected as flowering means 
extra resources and species with flower-
feeding larvae may be present in the 
lepidopteran community during flowering. 
Furthermore, larvae with nectar-feeding 
adults probably contribute to the richness of 
the larval community as species richness was 
related to the flowering of two following 
months.  
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 As a conclusion, our study illustrates the 
role of multiple factors in the phenology of 
Neoboutonia. Abiotic and biotic factors were 
both important in the regulation of flowering. 
Rainfall during the previous year influenced 
the timing of flowering. Although 
Neoboutonia produces leaves throughout the 
year, the trees could not escape from the 
impact of herbivory that limited flower 
production. Flowering and rainfall both 
explained species richness but neither of them 
explained larval abundance. Thus, both 
rainfall and flowering act as cues to predict 
the existence of diverse larval communities 
but the factors driving larval abundance 
remain unknown, and more research is needed 
to understand the forces behind population 
changes.  
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